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HAIR GROWTH TONIC 

TECHNICAL FIELD 

The present invention relates to a dermal papilla cell growth promoter, a 
hair growth stimulant and a hair growth tonic. More specifically, it relates to a dennal 
papilla cell growth promoter, a hair growth stimulant and a hair growth tonic 
comprising a WNT«-SA fimction inhibitor as an active ingredient. Furthermore^ the 
present invention relates to a method of scre^iing a dennal papilla cell growth promoter 
based on the* effect of inhibiting the function of WNT-SA. 

BACKGROUND ART 

Human hair follicles are made up of epithelial and mesenchymal dermal 
cells such as keradnocytes, dermal papilla cells, fibroblasts and sebaceous cells and hair 
growth cycle (hair cycle) is controlled via interactions among these cells. The hair 
shaft is formed by the proliferation/differentiation (keratinizatzon) of follicular 
keratinocytes. Dermal papillae regulate the proliferation, differentiation and apoptosis 
of these follicular keratinocytes and thus play a key role in the control of the hair cycle. 
In developing a hair growth stimulant/a hair growth tonic, therefore^ it would be 
important to study effects on dennal p^illa cells. However, molecular mechanisms 
regulating the proliferating ability and hair-cycle controlling ability of dermal papilla 
cells have been scarcely clarified so far. 

On the other hand, WNT-5A is a secretory glycoprotein belonging to the 
WNT &mily. The WNT &mily includes about 20 kinds of molecules which are 
conserved over a mdz range from nematodes to mammals. It is known that these 
WNTs are important intercellular signaling molecules which regulate axis formation 
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and organ formation during the fetal stage (i4i7/ni. Rev. Cell Dev. BioL, 59-88 
(1998); Gems & Dev, JJ, 3286-3305 (1997)). In humans, there are 10 kinds of WNT 
receptors that are Frizzled seven-pass transmembrane receptors (Armu, Rev. Cell Dev. 
BioL, 14, 59-88 (1998), Genes & Dev., H, 3286-3305 (1997)). Depending on WNT- 
Frizzled bond combinations^ there exist 3 kinds of signal transduction pathways O-^-t 
WNT/p-catenin pathway, PCP pathway and WNT/Ca^* pathway) (Anm. Rev, Cell Dev. 
JWo/, 14, 59-88 (1998)), 

In recent years, it is clarified that the WNT/P-catenin pathway is 
fundamental to the formation of hair follicles (Genes & Dev., 8, 2691-2703 (1994); Cell, 
95, 605-614 (1998), Dev. Biol, 207, 133-149 (1999); Genes & Dev., 14. 1181-1185 
(2000); Cell, 10^ 533-545 (2001)). In 1988, a stabilized P-catenin transgenic mouse 
in the skin was constructed. It is reported that this mouse showed increased de novo 
follicular morphogenesis and led to hypertrichosis (Cell, 95, 605-614 (1998)). It was 
reported in 2000 that the WNT/p-catenin signal plays an important role in maintaining 
the hair-inducing activity of dermal papilla (Genes &Dev., 14, 1181-1 185 (2000)). 

However, it has been clarified that signal transduction from WNT-5A is 
mediated not by the WNT/p-catOTin pathway but by the Ca^* pathway (Dev. Biol^ 182, 
114-120 (1997); Cwr. BioL, 9,- 695-698 (1999)) and nothing has been reported so far 
with respect to the relationship between WNT-5 A and follicle morphogenesis. 

It is furdiermore reported that duplication of the embryomc a^s is Induced 
by injecting Xenopus laevis WNT-5A mRNA together with human Frizzled 5 mRNA 
into an early of Xenopus laevis embryo (Science, 275. 1652-1654 (1997)) while the axis 
duplication induced by the injection of WNT-1 or WNT-8 mRNA is inhibited by WNT- 
5A (J. Cell Biol, 133, 1 123-1 137 (1996)), and that Xenopus laevis WNT-5A binds to 
rat Frizzled 2 and activates CamKII (Ca^Vcalmodulin-dependent protein kinase II) and 
PKC (protein kinase H) via the Ca** pathway (Cwr, BioL, % 695-698 (1999)). 
However, physiological meanings thereof still remain unknown and nothing has been 
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reported so far with respect to the relationship between WNT-5A and hair growth 
stimulation/hair growth promotion. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a screening method using a 
molecule relating the proliferation of dermal papilla cells^ a dermal papilla cell 
growth promoter and a hair growth stimulant and a hair growth tonic based on a novel 
function. 

In ord«- to achieve these objects, the present inventors conducted intensive 
studies. As a result, they have found that WNT-5A is highly e^qsressed in dermal 
papilla cells and WNT-5A relates to the proliferating ability of dermal papilla cells. 
As the results of subsequent studies based on these findings, they have fiirther found 
that the growth of dermal papilla cells can be remarkably promoted and the hair bulb 
part of follicles can be enlarged by inhibiting the function of WNT-5A, thereby 
completing the present invention. 

That is, m one embodiment, the present invention provides a dermal papilla 
cell growth promoter which comprises a compoimd having an activity of inhibiting the 
function of WNT-5A. 

In another embodiment, the present invention provides a dermal papilla cell 
growth promoter which comprises a compound having an activity of inhibiting the 
production of WNT-5A. 

In still another embodiment, the present invention provides a compound 
represented by the following formula (I): 



OR^ O 




wh^ein R and R are the same or different and each represents a hydrogen 
atom, a Ci^ alkyl group or a alkanoyl group; 

X represents a hydrogen atom or a halogen atom; 

R^* and R^** are the same or different and each represents a hydrogen atom 
or a hydroxyl group; and 

R^, R^ R^ R^, R^ and R' are the same or different and each represents a 
hydrogen atom, a hydroxyl group> a halogen atom or a 62^ alkanoyloxy group, or 
adjacent groups thereof are taken together to form a n bond or an ether bond, or R^ and 
R* or R^ and R^ are taken together to foxm an ether bond. 

In still another embodiment, the present invention provides a dermal p^illa 
cell growth promoter which comprises a compound represented by the following 
fonnula (11): 




wherein R and R are the same or different and each represents a hydrogen 
atom, a Cm alkyl group or a Ci^ alkanoyl group; 

X represents a hydrogen atom or a halogen atom; 
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R^^ and R^^ are the same or different and each represents a hydrogen atom, a 
hydroxyl group or a Ci^ alkoxy group, or R^* and R^** are taken together to form an oxo 
group, a hydroxyimino group or a Ci-6 alkoxyimino group; and 

- R^, R^ R^ R^ R^ and R^ are the same or different and each represents a 
hydrogen atom, a hydroxyl group, a halogen atom or a Ci^ alkanoyloxy group, or 
adjacent groups thereof are taken togcdier to form a n bond or an ether bond, or R^ and 
R* or R^ and R^ are taken together to form an ether bond. 

In still another embodiment, the present invention provides a dermal papilla 
cell growth promoter containing a compound repres^ted by the following formula 
(IX): 




herein R^^ and R^ are the same or different and each represents a 
hydrogen atom, a Ci^ alkyi group, a C:^ alkanoyl group, 

a group represented by (CH2)pC0-Y-R^^ (wherein Y represents an oxygen 
atom or a sul&r atom; R^^ represents a hydrogen atom, a Ci^ allcyl group or a 
substituted or unsubstituted aryl group; and p is 0 or 1), 

a group represented by (CH2)<iR" (wherein R" represents a substituted or 
unsubstituted cycloalkyl group or a substituted or unsubstituted C2.10 heterocycle; and q 
is 0 or 1), or 

a group represented by COR^^ (wherein R^^ represents a substituted or 
unsubstituted aiyl group or a substituted or unsubstituted C^io heterocycle); 
X represents a hydrogen atom or a halogen atom; 



and R^^ are the same or diff^ent and each represents a hydrogen atom^ a 
hydroxyl group, a Cm alkoxy group or a Ci^ alkanoyloxy group, or R^ and R^ are 
taken together to form an oxo group, a hydroxyimino group or a Cm alkoxyimino 
group; and 

R^, R^, R^ R^ and R^' are the same or different and each represents a 
hydrogen atom, a hydro:^! group, a halogen atom or 

a group represented by Z-R^^ (wherein Z represents an oxygen atom or a 
sulfur atom; and R" represents a Cm alkyl group, a Cm alkanoyl group or a substituted 
orunsubstituted aryl group), or 

adjacent groups thereof are taken together to form a % bond or an eth^ bond, 

or 

R^"" and R** or R^ and R^ are taken tog^her to fomi an ether bond; and 
R^ represents a hydrogen atom, or is taken together with R^* or R^^ to form 
another bond. 

In still another embodiment, the present invention provides a hair grov^ 
stimulant or a hair growdi tonic containing the above-described dermal papilla cell 
growth promoto* as an active ingredient. 

In still another embodiment, the present invention provides a method of 
screening a dermal papilla cell growth promoter, which comprises selecting a substance 
inhibiting the function of WNT-5A. 

In still another embodiment, the present invention provides a method of 
selecting a substance inhibiting the function of WNT-5A that is a method of screening a 
dermal p^illa cell growth promoter, which comprises the following steps (a) to (c): 

(a) a step of culturing human WNT-S A-expressing cells in a medium to which a 
test compound has been added; 

(b) a step of lysing the human WNT-5 A-expressing cells cultured in the step (a) 
to extract RNA and determinmg the WNT-5 A mRNA amount; and 



(c) a step of comparing the WNT-SA mKNA amouat determined in the step (b). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an electrophoresis pattern demonstrating that WNT-5A mRNA 
is e)cpre$$ed in dermal papilla cells. 

Fig. 2 shows an electrophoresis pattern demonstrating that test compounds 
cause decreases in the WNT-SA mRNA amount m d^mal pq)illa cells. 

Fig. 3 shows a graph demonstrating that test compounds have an activity of 
promoting the growth of dermal pallia cells. 

Fig. 4 shows an electrophoresis pattern demonstrating decreases in WNT- 
SA mRNA amount in moiiksy skin organ culture. 

Fig. 5 shows the results of PCNA-staming m telogen and anagen hair 
follicles in monkey skin organ culture. 

Fig. 6 shows histograms demonstrating that Compound 7 enlarges the hair 
bulb diameter in monkey skin organ culture. 

Fig. 7 shows histograms demonstrating that Compound 3 enlarges the hair 
bulb diameter in monkey skin ofgan culture. 

Fig. 8 shows photos of the skin before and after application of test 
compound for 6 months in a hair growth test on a stumptailed macaque (Macaca 
arcioides), 

BEST MODE FOR CARRYIN G OUT THE INVENTIQN 

Now, the present invention is described in greater detail. 

<Compound inhibiting the function of WNT-5A> 

The tenn "a compound inhibiting the function of WNT-SA" (hereinafter 
sometimes referred to as " WNT-5 A function inhibitor") as used in the present invention 



means a compound inhibiting the binding of WKT-SA to a WNT-SA receptor or a 
compound inhibiting the production of WNT-5A, prefiwably a compound inhibiting the 
production of WNT-5A. 

It has been confirmed that WNT-5A, which is a secretory glycoprotein 
belonging to the WNT family, is expressed in human, mouse, rat, Xenopus laevis and 
the like. From the viewpoint of using as a drug, a compound inhibiting the function of 
human WNT-5A (SEQ JD N0:1) is preferred. 

The compound inhibiting the binding of WNT-5A to a WNT-5 A receptor 
means a compound which acts on WNT-5A or the WNT-5 A receptor and thus inhibits 
the binding of WNT-5A to the WNT-SA receptor to thereby regulate the signal 
transduction by WNT-SA, and is preferably a compound regulating the signal 
transduction via the Ca^* pathway. Examples thereof include a WNT-SA receptor 
antagonist. Specific examples of the WNT-SA receptor include human Frizzled 5 
(SEQ ID NO:4) and rat Frizzled 2 (SEQ ID N0:6). Although such a compound may 
be either peptidic or nonp^tidic, a nonpeptidic inhibitor is preferred because of its 
advantageous of having a longer duration of action. The compound can be selected by 
a screening system using a labeled WNT-SA and WNT-SA receptor, and has preferably 
an ICso of 30 jaM or less, and more preferably IC$q of 1 0 \jM or less. 

The compound inhibiting the production of WNT-SA means a compound 
inhibiting the expression of WNT-SA gene. Although such a compound may be either 
peptidic or nonpeptidic, a nonpeptidic inhibitor is preferred because of its advantageous 
of having a longer duration of action. The compound can be selected by using a 
decrease in the amount of WNT-5A protein (SEQ ID NO:l) or the amount of AVNT-SA 
mRNA (SEQ ID N0:2) as an index, and has preferably an ICjo of 30 {jM or less, and 
more preferably I9 (iM or less by a nucleic acid probe assay in accordance with the 
method of Hartley ei al {Drug Metabolism cmd Disposition, 2S(5), 608-616 (2000); 
Test Example 4 described below). 
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Compounds represented by formulae (Q, (0) and (DQ are particularly 

preferred. 

In the compounds represented by formulae (I), (II) and (DC), the Cm alkyl 
group means a linear or branched alkyl group having from 1 to 6 carbon atoms, and 
examples thereof include a methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a tert-butyl group, a pentyl group, a 2- 
ethylpropyl group, a hexyl group, and the like. 

The Ci.6 alkanoyl group means a linear or branched alkanoyl group having 
from 1 to 6 carbon atoms, and examples thereof include an acetyl group, a propionyl 
group, a butyryl group, a t-butyryl group and the like* 

The Ci4 alkoxy group means a linear or branched alkoxy group having from 
1 to 6 carbon atoms, and examples thereof include a methoxy group, an ethoxy group, a 
propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a sec-hutoxy 
group, a /^r/-butoxy group, a pentyloxy group, an isopentyloxy group, a 
neoisopentyloxy group, a to-/-pentyloxy group, a 1-methyIbutoxy group, a 2- 
methylbutoxy group, a 1,2-dimethylpropoxy group, a hexylosqr group, an isohexyloxy 
group and the like. 

The Ci4 alkoxyimino group means a linear or branched alkoxyimino group 
having from 1 to 6 carbon atoms, and examples thereof include an iV^methoxyimino 
group, an JV-ethoxyimino group, an 7V-propxyimino group, an iV-isopropoxyimino group, 
an W-butoxyinuno group, an JV^isobutoxyimino group, an ^-pentyloxyimino group, an 
AT-hexyloxyimino group, and the like. 

The Ci^ alkanoyloxy group means a linear or branched alkanoyloxy group 
having from 1 to 6 carbon atoms, and examples thereof include an acetoxy group, a 
propionyloxy group, a pivaloyloxy group, and the like. 

The C3.10 cycloalkyl group means a cycloalkyi group having from 3 to 10 
carbon atoms, and examples thereof include a cyclopropyl group, a cydobutyl group, a 
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cydopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a 
cyclononyl group» and the like. 

Examples of the substituted C^o cycIoaUcyl group include a cycloalkyi 
group wherein a hydrogen atom(s) in the cycloalkyi group is/are substituted with at least 
one group selected from the group consisting of a halogen atom, an substituted or 
unsubstituted Cmo alkyl group, a hydroxyl group, a C1.5 hydroxyalkyl group, a carboxyl 
group, a mercapto group, an indolyl group, a Ci^ alkyltfaio group, an amino group, an 
amido group and a Cm alkoxy group. 

Examples of the aiyl group include a phenyl group, a naphthyl group, an 
anthracene group and the like. 

Examples of the substituted aryl group include aryl groups wherein a 
hydrogen atom(s) in an aiyl group is/are substituted with at least one group selected 
from the group consisting of a substituted or unsubstituted Cmo alkyl group, a hydroxyl 
group, a Ci-5 hydroxyalkyl group, a carboxyl group, a mercapto group, an indazolyl 
group, an indolyl group, a Cw alkylthio group, a cyano group, a nitro group, an amino 
group, an amido group, an acetylamino group and a C1.5 alkoxy group. 

Examples of the C2.10 heterocycle include fiiran, pyrrole, thiophene, oxazole, 
isoxazole, thiazole, imidazole, pyrazole, pyran, pyridine, piperidine, pyridazine, 
pyrimidine, pyrazine, quinoline and the like. 

Examples of the substituted C2-10 heterocycle include a heterocycle wherein 
a hydrog^ atom(s) in the heterocycle is/are substituted with at least one group selected 
from the group consisting of a halogen atom, a substituted or unsubsthuted Cmo alkyl 
group, a hydroxyl group, a C1.5 hydroxyalkyl group, a carboxyl group, a mercapto group, 
an indazolyl group, an indolyl group, a C1.5 alkylthio group, a cyano group, a nitro 
group, an amino group, an amido group and a Ci.$ alkoxy group. 

The ether bond means -0-, the formula -(CH2)m-0-(CH2)n- (wherein m and 
n each represents an integer of 1 to 3 and the alkylene groups in the formula may be 

^10- 



substituted with an alkyl group(s)X or the formula -0-(CH2)m-0- (wherein m is an 
integer of 1 to 3 and the alkylene groups in the formula may be substituted with an alkyl 
group(s)). 

Examples of the combination of the adjacent groups which form a % bond or 
an ether bond include (R^* with R^, (R^ with R^), .(R^ with R*^, (^^ with R^) and (R^ 
with R^ (the same applies to R"^ to R^ in formula (IX))- 

Among the compounds represented by formula (IX), a compound 
represented by formula (I) is preferred, and a compound wherein R^° is a hydrogen atom 
and R*^** is a hydroxyl group is more preferred. From the viewpoint of the stability of 
compound, compoimds represented by formulae (Ha), (lib) and (lie) are preferred. 



Compound of formula (11) wherein (K^ and R^ and (R^ and R^) each form a it bond: 



OR' O 




(Ha) 



(wherein R^ R^, R^*', R^"^, R", R' and X have the same meanings as described above). 



Compound of formula (II) wherein (R^ and R^) form a n bond and R^ and R^ each 



represents a hydrogen atom: 

OR^ O 
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Compound of fonnula (II) wherein R^, and R' each r^resents a hydrogoi atom: 

OR^ O - 




(wherein R\ R^, R^^ R^, R^, R^ and X have the same meanings as described above). 

Among the compounds r^resented by formula (DQ. a compound wherein 
R^* and R^ are taken tog^er to form an ether bond and (R^^ and R^^ and (R** and R*^) 
each form a n bond (e.g., Compound 77, eta) are preferred since they effectively inhibit 
the e>q>ression of WNT-5A mRNA in dermal papilla cells and promote the growth of 
the dermal papilla cells. 

Among the compounds represented by formula (D0» a compound wherein 
R^' and R^ each represents (Clfc^CO-Y-R" (wherein Y represents an oxygen atom or 
a sulfur atom; R^^ represents a hydrogen atom, a Cu alkyl group or a substituted or 
unsubstituted aryl group; and p represents 0 or 1) (e.g.. Compound 52, etc.) and a 
compound wherein R^* and R^ represent each CORn (wherein Rj2 represents a 
substituted or unsubstituted aiyl group or a substituted or unsubstituted heterocycle) 
(e.g., Compound S8, etc.) are preferred since they effectively inhibit the expression of 
WNT-SA mRNA in dermal papilla cells and promote the growth of the dermal papilla 
cells. 

Also, a compound wherein R^"" represents Z-R^^ (wherein Z represents an 
oxygen atom or a sulfbr atom; and R^^ represents a alkanoyl group or a substituted 
or unsubstituted aryl group) (e,g„ Compound 53, etc.) is preferred since they effectively 
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inhibit the e^qpression of WNT-5A mRNA in dermal papilla cells and promote the 
growth of the d^mal papilla cells. 

A compound represented by fonnula (11) can be produced by, for sample, 
combining the following production methods. 

Reaction scheme 1 




(iv) avo 

(wherein R\ R^ R^^ R^"*, R^ R^ and X have the same meanings as described above). 

The compound represented by formula (HI) is subjected to a hydrogenation 
reaction in the presence of a catalyst such as palladium carbon in an organic solvent 
(e.g., ethyl acetate, tetrahydrofuran, diethyl ether, ethyl alcohol, methyl alcohol, etc.) to 
give the compound represented by formula (TV) or (IV') or a mixture of these 
compounds. The compounds of formulae (IV) and (IV') can be separated and purified 
by a sepaiation method commonly employed such as column chromatography. 
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Reaction scheme 2 




(v^erein R^ R^ R^ R^ R'', R^ R^ and X have the same meanings as described 
above). 

The compound represented by formula (V) is allowed to reaa with a 
reducing agmt such as potassium boron hydride, sodium boron hydride or lithium boron 
hydride, if necessary, in the coexistence of a salt such as LiCl, MgCl2, CeCb, CaCl2 or 
NiCI in an organic solvent (e.g., tetrahydrofuran, diethyl ether, ethyl alcohol, methyl 
alcohol, etc.) at -20 to 100°C, preferably at 0 to 20''C, to give the compound represented 
by fonnula (VI). The compound represented by formula (VI) can be separated and 
purified by a separation method commonly employed such as column chromatography. 



Reaction scheme 3 




(vn) (Vm) 
(wherem R\ R^ R^, R^^, R^ R^, R^, R^ and X have the same meanings as described 
above). 
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The compound represented by formula (VH) is treated with an acid or a base 
in an appropriate organic solvent (e.g., tetrahydrofuran, diethyl ether, ethanol, methanol, 
etc.) to give the compound represented by formula (Vm). 

The compounds represented by formula (IX) (1, 60 to 78) are produced by 
culturing Pochonia chaJmrydosporia var. chlamydosporia TF-0480 strain in a medium 
containing various nutrients basically in accordance with methods commonly employed 
for producing fermentation products. 

A liquid medium is mainly used as the medium, the medium contains a 
carbon source^ a nitrogen source and an inorganic salt optionally together with vitamins, 
precursors and a deforming agent, and the pH is adjusted to around 7, The carbon 
source includes ghicose, de)ctrin, glycerine, stardi and the like, which may be used 
alone or as a mixture thereof The nitrogen source includes meat extract, oatmeal, 
yeast extract, soybean flour, polypeptone, com steep liquor, urea, an ammonium salt 
and the like, which may be used alone or as a miscture thereof The inorganic salt 
includes monopotassium phosphate, magneshim sulfate, sodium chloride, calcium 
carbonate and the like, which may be used alone or as a mixture thereof The 
defoaming agent which can be used include Adekanol or a silicone compound. As the 
culture method, aerobic culture methods such as shaken culture and aeration-agitation 
culture are suitable. The culture is carried out at pH 4 to 10 and at 25 to 35°C for 2 to 
5 days, preferably at 25 to 28*'C for 3 days. 

Compounds 1 and 60 to 78 thus produced by the culture can be isolated in 
accordance with methods commonly employed for collecting fermentation products. 
For example, it is effective to employ the following methods. Namely, after the 
completion of the culture, a culture filtrate is obtained by centrifugation or filtration. 
Then, it is adsorbed by a polystyrene resin such as DIAION HP-20 (trade name, 
manufactured by Mitsubishi Chemical) and eluted with an organic solvent such as lower 
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alcohol or acetone. Cells are extracted ^th an organic solvent such as lower alcohol 
or acetone. the cell e)etract and the eluate from the adsorbent resin are combined 

together and concentrated under reduced pressure. To the remaining water phase, an 
organic solvent such as ethyl acetate, chloroform or n-butanol is added for extraction, 
and the extract is concentrated. The resulting residue is re-dissolved in an organic 
solvent such as benzene, ethyl acetate, acetone, methanol or chloroform and then 
applied to silica gel column chromatography, gel filtration cohimn chromatography, 
column chromatography packed with ODS for reversed phase partition and high 
performance liquid chromatography to thereby purify and isolate the compound 
according to the present inventioa 

The strain producing the active ingredient according to the present invention 
is a novel strain that has been newly isolated from soil by the present inventors. The 
microorganism was named ^Tochonia chlamydosporia var. cMamydosporia TF-0480" 
and has been deposited to International Patent Organism Depository, National Institute 
of Advanced Industrial Science and Technology as '*KERM BF-8332". 

The microbiological properties of this strain are as follows. 

1) Growth on medium 

The microorganism grows well in various agar plate media and well or 
moderately forms spores in tested media. Table 1 summarizes characteristics of 
colonies formed after cuhuring at 26*C for 2 weeks on various media. Colors are 
indicated in accordance with the color codes proposed by A. Koraerup et aL, Dizionario 
(ki colon, Musterschmidt (1978). 
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Table 1 



Medium 


Results of observation on colonies with naked eye 


PDA ' 


Showing relatively well growth and spomlation. Colony diameter:23-28 
nmt Wooly and somewhat domed colonies with pannose center and slight 
radial wrinkles. Somewhat irregular periphery (colony tip). Secreting a 
pale light yellow [3 A6) pigment into the medium. Colony surface color: 
white [1 Al] at the paiphery and pale yellow [4A3] at the center. Back 
face color: reddish yellow [4A6] at the periphery and yellowish brown 
[5D8] at the center. Agar medium bemg irr^larly or radially fractured. 




Showing well growth and sporulation. Colony diameter: 48-50 ram. 
Somewhat thin and wooly colonies with domed center and intermediate 
part ' Relatively regular-shaped periphery. No pigment secretion. 
Colony surface color: white [1 Al] at the periphery and light yellow [3A4] at 
the center. Back &C6 color: light yellow [3 A4] similar to the sur&ce. 


cma'-' 


Showing well growth and moderate sporulation. Colony diamet^ 47-5 1 
mm. Thin and pannose colonies. Relatively regular-shaped periphery. 
No pigment secredon into the medium. Colony surface/back &ce color: 
both white [1 Al] to yellowish white [1A2]. 


MA*-* 


Showing relatively well growth and sporulation. Colony diameter: 26-27 
mm. Thick and wooly colonies with domed cent^. Relatively regular- 
shaped periphery. Secreting a slightly reddish yellow [4A7] pigment into 
the medium. Colony surfece colon white [1 Al] at the periphery and pale 
yellow [4A3] at the center. Back face color: light orange [5 A4] at the 
periphery, brown [7E8] at the center and orange [6B7] at the intermediate 
part 


SA'' 


Showing relatively well growth and sporulation. Colony diameter 23 -28 
mm. Thick and wooly colonies with domed center. Somewhat irregular 
periphery with slight radial wrinkles. Secreting a reddish yellow [4A7] 
pigment into the medium. Colony surface color: white [1 Al] at the 
periphery and orange white [5 A2] in other parts. Back fkce color: light 
orange [SA4] at the penphery and center and brown [7E8] at the 
intermediate part. Agar medium being irregularly or radially fractured. 


LCA*^ 


Showing well growth and moderate sporulation. Colony diameter: 42-44 
mrn. Thin pannose to slightly wooly colonies. Relatively regular-shaped 
periphery. No secretion of pigment into the medium. Colony 
surfece/back face color; both white [1 Al], 



1 : Potato de^ctrose agar medium (E-MF21 , manufactured by Eiken Chemical 

Co., Ltd.). 



*-2: 1/2-piIuted oatmeal agar medium (manufactured by Difco, prepared by 1/2- 
diluting Bacto oatmeal agar and adding agar to give a final agar 
concentration of 2%). 

*-3 : Corn meal agar medium (manufactured by Difco, Com meal agar). 
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♦-4: Malt extract agar medium (Nakase, T., 6th ed., pp.61 7, Japan Collection of 
Mkroorganisms, the Institute of Physical and Chemical Research, Saitama, 

*-5: Sabouraud agar medium (manufactured by Eiken Chemical Co , Ltd. E- 
MF03) 

*-6: Mhira agar medium (Miura, K. and M. Kudo, Trcms. MycoL Soa Japan. 1 L 
116-118(1970)) »^ 

2) Morphology 

Colonies formed after culturing the strain on a com meal agar plate at 26*C 
for 14 days are observed under an optical microscope. As a result, the formation of 
phialo-conidia was observed. A single conidium-formmg cell (phialide) or 2 to 4 
verticillate phialides are formed directly on a hypha. Conidiophorer caxmot be clearly 
distinguished from v^etative hyphae. A phiral number of conidia are formed at the 
front edge of a phialide to fonn a viscous mass. A phialide has a tapered cylindrical 
shape and smooth and colorless surface. It is from 13 to 15 \xm in length and 0.8 to 1.7 
\xm in thickness at the base and 0.5 to 0.8 ^un in thickness at the end. Conidia are in an 
elliptical shape or a semi-spherical shape (rare) and most of them have slightly 
projecting base. The conidia have smooth and colorless surface and are 2.2 to 5.0 x 
1.8 to 2.8 \m in size. A single pale yellow and multicellular chlamydospore having 
netted wall (dictyochlamydospore) is formed on the medium surface or at the end of a 
short hypha sprouting on the medium. Dictyochlamydospores are also formed in the 
medium in a small amount. These dictyochlamydospores are 14 to 20 x 12 to 22 jim 
in size. After prolonging the culture over one month or longer, no tdeomorph is 
observed. 

3) Physiological properties 

(1) Growth temperature range and optimum temperature 

In Sabouraud liquid medium at pH 6.0, this strain grows within a 
temperature range of 15 to 31 ^'C and the optimum temperature is from 25 to 27°C. 

(2) Growth pH range and optimum pH value 
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In YpSs liquid medium at 26**C. this strain grows within a pH of 3 to 10 and 
the optimum pH is from 5 to 7. 

4) Aerobic/anaerobic: aerobic. 

Based on the above^iescribed morphological characteristics and culture 
properties, the characteristics of this strain are compared with various known species 
reported in (1) KH Domsch et cd.^ Compendium of soil fungi. Vol. 1, IHW-Verlag 
(1980) and (2) G-L. Bairon, The Genera of Hyphoomyceies from soil, Williams & 
Wilkins (1968) and the like. As a result, this strain is closely similar to an incomplete 
species known under a classification name Verticillivm chlamydosporia or 
Diheterospora chlamydosporia and, therefore^ seemingly belongs to the same species. 
In (3) R. 2are, W. Gams and H.C. Evans, A revision ofVerticillitm section Prostrata, V. 
The germs Pochonia, with notes onRotiferophthora, 73, 1-2, p51-86 (2001), this species 
is molecular systematically re-examined and, in its turn, referred to as belonging to the 
genus Pochonia as the proper genus. Moreover, it is suggested to refer such a 
species fonning non-linked Verticiilium-type conidia as the strain of the present 
invention as to a variant Pochonia chUmydosporia var. Mamydosporia, 

Based on these &cts, this strain is named ""Pochonia chlamydosporia var. 
chlamydosporia TF-0480". 

<Dermal papilla cell growth promoter> 

The term "dermal papilla cell growth promoter" as used in the present 
invention means a medicament or a reagent having an effect of increasmg the number of 
dermal papilla cells. 

The dermal papilla cell growth promoter according to the present invention 
is characterized by being based on the effect of inhibiting the function of WNT-5A. 
Since WNT-5A inhibits the functions of WNT-1 class molecules (WNT-1, WNT-8, 
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etc) which are activators of WNT/p-cat^n pathway, the growth of dermal papilla cells 
is controlled by relating the function of WNT-SA or regulating the expression of 
WNT-5A, Therefore, even compounds having completely different structures (e.g.. 
Compound 24, Compound 79> Compound 7, etc.) have an excellent effect of promoting 
the growth of dermal papilla cells, so long as these compounds have an excellent effect 
of inhibiting the function of WNT-5A. 



OH O 




Compoimd 24 



Compound 79 
OH 

OH O = 




Compound 7 



The growth of cells can be measured by a method publicly known by a 
person skilled in the art. Examples of the measuring method include counting of 
viable cells using an appropriate color-developing substrate and the [^H]-thymidine 
uptake method. As the color-developing substrate, tetrazolium salts such as MTT, 
MTS and XTT and Alamar Blue are preferably used. 
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<Hair growth stimulaot/hair growth tonio 

The term "hair growth stimulant or hair growth tonic" as used in the present 
invention means products to be used for inducing hair growth, promoting hair growth, 
preventing alopecia and the like. In the case of using the hdk growth stimulant and 
hair growth tonic according to the present invention as medicaments, the subject to be 
applied includes improvement or prevention of alopecia areata and male pattern 
alopecia 

The eflFects of the hair growth stimulant and hair growth tonic accorduig to 
the present invention are achieved by the effect of promoting the growth of dermal 
papilla cells by inhibiting the function of WNT-5A. Based on this function 
mechaiusnj, the cell growing ability, which has been depressed in dermal papillae in an 
alopecia sit^ is enhanced and dermal well-developed papilla tissue is formed. It is 
therefore expected that the hair growth stimulant/hair growth tonic according to the 
present invention are efficacious agmnst symptoms on which little effects can be 
established by the existing hair growth stimulants and hair growth tonics. 

It is fiirthermore ^ected that synergistic effects could be obtained by 
combining the hair growth stimulant and hair growth tonic according to the present 
invention with other hair growth stimulants and hair growth tonics having different 
fimction points. 

The hair growth stimulant and hair growth tonic according to the present 
invention can be administered in various doses and various dosage forms depending on 
individual compounds. 

In the case of administering the compound represented by formula (IX) by 
application (lotion, ointment, a gel, etc.), for example, it can be administered at a dose 
of 0.0001 to 10% by weight, preferably 0.001 to 5% by weight and more preferably 
0.001 to 1% by weight, although the dose varies depending on the type and dosage form 
of tiie hair growth tonic. In the case of orally administering (dust, tablet or capsule) 
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the compound represented by formula (IX) to a male adult, the daily dose preferably 
ranges from 1 to 100 mg/kg. 

Although the dosage forms of the hair growth stimulant and hair growth 
tonic according to the present invention are not particularly restricted, it is preferable to 
provide the hair growth stimulant/hair growth tonic containing a WNT-SA production 
inhibitor (e.g., the compound represented by formula (DQ) ^ ^ active ingredient in the 
form of a water-soluble composition in the case of external application. Such a water- 
soluble composition can be produced by using various additives (humectant, thickener, 
preservative^ antioxidant, aromatic^ coloring agent, etc.) commonly employed in 
producing drugs^ quasi drugs or cosmetics, so long as the effects of the present 
invention are n^^amaged thereby. The hair growth stimulant and hair growth tonic 
according to the present invention can be provided as hair-care compositions such as 
hair tonic, hair oil, hair moose or gel, or ointments. 

In the case of using hair growth stimulant and hair growth tonic according to 
the present invention as liquid preparations, such a preparation is produced as an 
aqueous solution, a non-aqueous solution, a suspension, liposomes or an emidsion 
prepared by dissolving a WNT-SA production inhibitor (e.g., the compound represented 
by formula (DQ) in purified water, an appropriate buffer such as a phosphate buffer, a 
physiological salt solution such as physiological saline, Ringer solution or Locke 
solution, ethanol or glycerol appropriately combined with a sur&ctant, etc. commonly 
employed, followed by sterilization. It is topically administered as a liquid preparation 
for scalp. The liquid preparation may be applied directly to the scalp. Alternatively, 
it may be applied by using a jetting nozzle such as a spray. 

In the case of using hair growth stimulant and hair growth tonic according to 
the present invention as semi-solid preparations, a WNT-5A production inhibitor (for 
example, the compound represented by formula (IX)) is mixed with a fat, an oil, lanolin, 
vaseline, paraffm, wax, a plaster, a resin, plastic, glycerine^ higher alcohol, glycerol, 
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water, an emulsifier. a suspending agent or the like to give an external preparation 
(ointment, oream, etc.) which can be topically administered. 

In the case of using hair growth stimulant and hair growth tonic according to 
the present invention as solid preparations, a WNT-5A production inhibitor (e.g., the 
compound represented by formula (IX)) is mixed with appropriate additive(s) to ^ve an 
external preparation such as a dust or a powder. Alternatively, it is possible to produce 
a solid preparation which is dissolved or suspended in a solvent before using and 
^plied to the scalp. 

In the case of orally using, it is preferable that a WNT-5A production 
inhibitor (e.g., the compound represented by formula (DQ) is blended with a 
pharmaceutically acceptable carrier (filler, binder, disintegrating agent, flavor, corrigent, 
emulsifier, etc.\ a diluent, a dissolution aid or the like and the obtained medicinal 
composition is processed in a conventional manner to give a tablet, a capsule, granules, 
a dust, a syrup, a suspension, a solution and the like. 

These preparations can be produced by using formulation techniques 
commonly employed. 

<Screening method> ■ 

The present invention further relates to a method of screening a dermal 
papilla cell growth promoter, which comprises selectmg a compound inhibiting the 
function of WNT-5A. 

Selecting a compound inhibiting the function of WNT-5A (hereinafter 
sometimes referred to as "WNT-5A function inhibitor") means, for example, selecting 
(i.e., screening) a WNT-5A production inhibitor, or selecting a WNT-5A receptor 
antagonist. 

As test materials to be subjected to the screening method according to the 
present invention, any materials can be used. That is, the test materials are not 
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restricted in kind, and they may be low-molecuiar weight compounds, compounds 
contained in a natural extract or synthetic p^tides. They may also be a compound 
library or a combinatorial library. The compound library can be constructed by a 
method publicly known by one of the skilled in the art. Alternatively, a commercially 
available compound library can be used. From the viewpoint of using as a 
medicament, the compound which is subjected to screening preferably has a molecular 
weight of 3000 or less. From the viewpoint of enabling application/oral administration, 
a low-molecular weight compound having a molecular weight of 600 or less is preferred. 

(1) Method of screening WNT-5A receptor antagonist 

In a method of screening a WNT-5 A receptor antagonist, whether or not a 
bond between the WNT-5A protdn and the WNT-5A receptor is formed can be 
examined by using a labeled W>rr-5 A protdn and a WNT-5 A receptor and detecting or 
measuring the label. Examples of the label include a radioisotope (^^P, ^^P, 
^H, ^"^C, ^^S. eta), an enayme (alkali phosphatase, hoarse radish peroxidase, etc), a 
fluorescent substance (fluorescein isothiocyanate^ eta) and the like. They can be 
commercially available and the labeling can be made by a known method. 

A specific example of an vitro assay system is performed in a cell-free 
system. More specifically, one of the WNT-5A protein aiid the WNT-5A receptor is 
bound to a support and the other and a test material are added thereto. After 
incubating, the reaction mixture is washed and the binding of the other protein to the 
protein having been bound to the support is detected or measured. 

Examples of the support to which the protein is bound include insoluble 
polysaccharides such as agarose, dextran and cellulose; synthetic resins such as 
polystyrene, polyacrylamide and silicone; and the like. More specifically, 
commercially available beads and plates obtained by these materials can be employed. 
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(2) Method of screening compound inhibiting WNT-S A production 

A compound inhibiting WNT-S A production can be screened by using the 
amount of WNT-5A mRNA or the amount of WNT-5A protein as an index. It is also 
possible to bind a reporter gene to the promoter region of a WNT-5A gene and detect 
the expression amount. As the promoter of the WNT-5A gene, one represented by 
SEQ ID N0:3 is preferably used. 

Examples of the reporter gene include a GFP ^een fhiorescent protdn) 
gene, a GUS (^-glucuronidase) gene> an LUC (bciferase) gene, and a CAT 
(chloramphenicol acetyltransferase) gene. 

When the expression amount of WNT-5A mRNA is used as an index, for 
example, human WN7-.>A-e}q)ressing cells are used and a test material is added thereto. 
After culturing in an incubator for several hours at ST'C in a 5% C02-95% air 
atmosphere, the cells are lysed and RNAs are extracted. Then, the amount of the 
WNT-5A mRNA is measured by, for example, RT-PCR. Thus, a material having an 
activity of decreasing the WNT-S A mRNA amount can be searched. The primm used 
in PCR are not particularly limited, so long as they are specific to WNT-S A mRNA, and 
they can be designed from the WNT-5A mRNA sequence. Preferred examples include 
a forward primer AATGTCTTCC AAGTTCTTCC TAGTGGC (SEQ ID N0:8) and a 
reverse primer GATGTCGGAA TTGATACTGG CA (SEQ ID N0:9), 

When the WNT-5 A protein amount is used as an index, for example, human 
WNT-S A-expressing cells are used and a test material is added thereto. After culturing 
in an incubator for several hours at ST'C in a 5% C02-9S% ah- atmosphere, the cells are 
lysed by using the culture medium and proteins are extracted. Then, the amount of the 
WNT-5A protein is measured by ELISA (enzyme-linked immunosorbent assay) or the 
like. Thus, a substance having an activity of decreasing the expression amount of the 
WNT-5 A mRNA can be searched. 
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the present invention is d^cribed in detail by reference to Test 
Examples below; however, the present invention is not limited thereto. 

Example 1 (Compounds 3 and 4) 

Radicicol (Compound 1: 10.8 g) was dissolved in ethyl acetate (140 ml) and 
5% palladium carbon (wet type) (25S mg) was added thereto, followed by hydrogen 
replacement (1 atm) and stirring at room temperature for 3 hours. After filtering the 
palladium carbon, the filtrate was distilled o£F under reduced pressure. The resulting 
residue was purified by silica gel chromatography and eluted with n-hexane:ethyl 
acetate (2:1) to give target Compound 4 (3.43 g) was obtained, or eluted with n- 
hexane:ethyl acetate ^:2) to give target Compound 3 (4.14 g). 

Example 2 (Compoimds 7 and 8) 

Compound 3 (602J mg) was dissolved in methanol (13 ml) and cerium (HI) 
chloride heptahydride (2.14 g) was added thereto, followed by stirring at room 
temperature for 30 minutes. Next, sodhim boron hydride (180 mg) was slowly added 
to the solution under ice cooling, followed by stirring at room temperature for S minutes. 
After adding saturated disodium hydrogen phosphate (40 ml) to the reaction solution, 
the mixture was diluted with water (40 ml) and the organic solvent was distilled off 
under reduced pressure. The residual aqueous layer was extracted with ethyl acetate 
(300 ml X 2). The resulting ethyl acetate layer was dried over anhydrous sodium 
sulfate and then the ethyl acetate was distilled off under reduced pressure. Then, the 
residue was crudely purified by silica gel preparative thin layer chromatography (20 cm 
X 20 cm, 1.0 mm in thickness, developed with chloroform: methanol = 93:7, eluted with 
ethyl acetate). The resulting crude purified produa was then purified by high 
performance liquid chromatography (20 ^ x 250 mm, YMC-Pack Pro C18, eluted with 
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water (to which acetic acid had been added, pH 3.5);acetonitriIe = 6S:3S) to give the 
target compounds (Compound 7; 144.9 mg. Compound 8: 13.8 mg). 

Example 3 (Compounds 9 and 10) 

Compound 4 (26,5 mg) was dissolved in methanol (S ml) and cerium (m) 
chloride heptahydride (100 mg) was added thereto, followed by stirring at room 
temperature for 30 minutes. Nesct, sodium boron hydride (60 mg).was slowly added to 
the solution under ice cooling, followed by stirring at room temperature for 30 minutes. 
After adding saturated disodium hydrogen phosphate (12 ml) to the reaction solution, 
the mixture was diluted with water (20 ml) and the oiganic solvent was distilled off 
under reduced pressure. The residual aqueous layer was extracted with ethyl acetate 
(30 ml X 2). The resulting ethyl acetate layer was dried over anhydrous sodium sulfate 
and then the ethyl acetate was distilled off under reduced pressure. Then, the residue 
was purified by silica gel preparative thin layer chromatography (20 cm x 20 cm, 0.2S 
mm in thickness, developed with chloroform:methanoI = 94:6, eluted with ethyl acetate) 
to give the target compounds (Compound 9: S.7 mg. Compound 10: 8.8 mg). 

Example 4 (Compound 5) 

Radicicol (91. 5 mg) was dissolved in methanol (5 ml) and cerium QH) 
chloride heptahydride (88 mg) was added thereto, followed by stirring at room 
temperature for 10 minutes* Next, sodium boron hydride (60 mg) was slowly added to 
the solution under ice cooling, followed by stirring at room temperature for 30 minutes. 
After adding saturated disodium hydrogen phosphate (20 ml) to the reaction solution, 
the mixture was diluted with water (20 ml) and the organic solvent was distilled off 
under reduced pressure. The residual aqueous layer was extracted vnth ethyl acetate 
(SO ml X 3). The resulting ethyl acetate layer was dried over anhydrous sodmm sulfate 
and then the ethyl acetate was distilled off under reduced pressure. Then, the residue 
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was purified by silica gel preparative thin layer chromatogrs^hy (20 cm x 20 cm, 0.5 
mm in thickness, developed with chlorofbnn:methanol '='9:1, eluted vdth ethyl acetate) 
to give target Compound 5 (27.2 mg). 

JExample 5 (Compoimd 2) 

Radicicol (1S.3 mg) was dissolved in pyridine (l.S ml) and acetic anhydride 
(4 ml) was added thereto, followed by stirring at room temperature for 6.5 hours. 
After adding ice water (20 ml) to the reaction solution, the mixture was extracted with 
ethyl acetate (20 ml). The ethyl acetate layer was washed with water (20 ml x 2) and 
dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off under 
reduced pressure. Then, the residue was purified by silica gel preparative thin layer 
chromatography (20 cm x 20 cm, 0.5 mm in thickness, developed with 
chloroformimethanol = 95:5, eluted with ethyl aceUte) to give target Compound 2 (18.5 
mg). 

Example 6 (Compound 1 1) 

Radicicol (19.0 mg) was dissolved in dimethyl sulfoxide (1 ml), and 
potassium carbonate (3 mg) and methyl iodide (4 ml) were added thereto, followed by 
stirring at room temperature for 6.5 hours. After adding water (20 ml) to the reaction 
solution, the mixture was extracted with ethyl acetate (20 ml). The ethyl acetate layer 
was dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off 
under reduced pressure. Then, the residue was purified by silica gel preparative thin 
layer chromatography (20 cm x 20 cm. 0.5 mm in thickness, developed with 
chloroform:methanol = 95:5, eluted with ethyl acetate) to give target Compound 11 
(15.3 mg). 
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Example 7 (Compounds 16, 17, 19 and 23) 

Radidcol (930 mg) was dissolved in 1,4-dioxane (14 ml) and IN 
hydrochloric add (12 ml) was added thereto, followed by stirring at room temperature 
for 2 hours. After diluting with water (40 ml), the mixture was ejctracted with ethyl 
acetate (100 ml). The ethyl acetate layer was dried over anhydrous sodium sulfate and 
then the ethyl acetate was distilled off under reduced pressure. Then, the residue was 
cruddy purified by silica gel preparative thin layer chromatography (20 cm x 20 cm, 1.0 
mm in thickness, developed with chloroform:methanoI:n-hexane - 5:1:5, ehited with 
ethyl acetate). The resulting crude puriJBed product was then purified by high 
performance liquid chromatography (20 ^ x 250 mm, YMC-Pack Pro CIS, duted under 
gradient with water (to which acetic acid had been added, pH 3.S):ac^nitrile 70:30 
to 40:60) to ^ve the target compounds (Compound 16: 11.4 mg. Compound 17: 19.4 
mg. Compound 19: 32.6 mg, Compound 23: 103.7 mg). 

Example 8 (Compounds 12 and 13) 

Radicicol (232.6 mg) was dissolved in 1,4-dioxane (4 ml) and IN 
hydrochloric acid (1 ml) was added thereto, followed by stining at room temperature for 
30 minutes. After neutralizing with IN sodium hydroxide, the solvent was distilled off 
under reduced pressure. Then, the concentrate was dissolved with 20 ml of methanol 
The resultant solution was filtered through a cotton plug and the methanol was distilled 
off under reduced pressure. The resulting residue was then purified by high 
performance liquid chromatography (20 ^ x 250 mm, YMC-Pack Pro CIS, duted with 
water (to which acetic acid had been added, pH 3.5):acetonitrile « 65:35) to give the 
target compounds (Compound 12: 42,6 mg, Compound 13: 10.4 mg). 
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Example 9 (Compound 18) 

Into S ml of dimetbylfonnamide, 1 ml of phosphorus oxychloride was 
dropped under ice cooling and then the mixture was stirred at room traiperature for 30 
minutes. The resultant sohition was slowly added to a dimethylformamide solution (4 
ml) of Radicicoi (98.5 m^ under ice cooling followed by stirring at room tenq)erature 
for 24 hours. Then» the reaction sohition was diluted with ethyl acetate (100 ml) and 
washed with water (100 ml x 3). The ethyl acetate layer was dried over anhydrous 
sodhim sulfate and then the ethyl acetate was distilled ofif under reduced pressure. 
Then, the resulting residue was purified by silica gel preparative thin layer 
chromatography (20 cm x 20 cm, O.S nun in thickness, developed with 
chloroform:methano! ^ 94:6, eluted with ethyl acetate) to give the target compound 
(Compound 18: 61,8 mg). 

Example 10 (Compounds 14 and 15) 

Radicicoi (378 nog) was dissolved in 1,4-dioxane (4 ml) and IN 
hydrochloric acid (1 ml) was added thereto, followed by stirring at room temperature for 
20 minutes. After neutralizing with IN sodium hydroxide, the solvent was distilled off 
under reduced pressure. Then, the concentrate was dissolved with 20 ml of methanol. 
The resultant solution was fihered through a cotton plug and the methanol was distilled 
off under reduced pressure. The resulting residue was then purified by. high 
performance liquid chromatography (20 <^ x 250 mm, Y^C-Pack Pro CIS, eluted with 
water (to which acetic acid had been added, pH 3.5):acetonitrile = 70:30) to give the 
target compounds (Confound 14: 10.7 mg. Compound 15: 9.9 mg) simultaneously with 
Compound 12 (40.6 mg). 
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Example 11 (Compounds 20, 21 and 22) 

Compound 3 (96.3 mg) vya$ dissolved in 1.4.dioxane (2 ml) and IN 
hydrochloric acid (2.S ml) was added thereto, followed by stirring at room temperature 
for 16 hours. After neutralizing with IN sodium hydroxide, the solvent was distilled 
off under reduced pressure. Then, the concentrate was dissolved with 20 ml of 
methanol. The resultant sohition was filtered through a cotton plug and the methanol 
was distilled off under reduced pressure. The resulting residue was then purified by 
high performance liquid chromatography (20 cj) x 250 mm, YMC-Pack Pro CIS, eluted 
with water (to which acetic acid had been added, pH 3.5):acetonitrile ^ 45:55) to give 
the target compounds (Compound 20: 9.3 mg, Compound 21: 22.0 mg^ Compound 22: 
26.2 mg). 

Example 12 (Compounds 25 and 26) 

Compound 7 (34 mg) was dissolved in jy;j\r-dimethylforraamide (2 ml), and 
potassium hydroxide (3 mg) and methyl iodide (500 were added thereto, followed 
by stirring at room temperature for 4.5 hours. After adding water (20 ml) to the 
reaction solution, the mixture was extracted with ethyl acetate (20 ml). The ethyl 
acetate layer was dried over anhydrous sodium sulfate and the ethyl acetate was di$tilled 
off under reduced pressure. The resulting residue was dissolved in a small amount of 
acetone and purified by preparative high performance liquid chromatography [column: 
VMC-Pack Pro CIS AS-343 (20 <|> x 250 mm), detection: UV absorption at 254 nm, 
flow rate; 10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) (38:62) as the 
mobile phase to obtain two flections. Each fiBction was concentrated under reduced 
pressure to give Compound 25 (6.4 mg, 39 min) and Compound 26 (14,5 m& 29 min). 
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Example 13 (Compound 27) 

Compound 7 (SS mg) "ws dissolved in pyridine (1 ml), and acetic anhydride 
(3 ml) was added thereto, followed by stirring at room temperature for 17 hours. After 
adding water (50 ml) to the reaction solution, the mixture was extracted with ethyl 
acetate (SO ml). The ethyl acetate layer was dried over anhydrous sodium sulfate and 
the ethyl acetate was distilled off under reduced pressure. The resulting residue was 
dissolved in a small amount of acetone and purified by preparative high performance 
liquid chromatogr^hy [column: VMC-Pack Pro CIS AS-343 (20 (j) x 250 ram), 
detection: UV absorption at 254 mn, flow rate: 10 ml/min] using acetonitrile-water (pH 
3.5, acetic add) (60:40) as the mobile phase. The resulting fraction was concentrated 
under reduced pressure to give Compound 27 (64.7 mg, 18 min). 

Example 14 (Compounds 28 and 29) 

Compound 8 (131 mg) was dissolved in N,N"dimethyIformamide (2 ml), 
and potassium hydroxide (3 mg) and methyl iodide (2 ml) were added thereto, followed 
by stirring at room twnperature for 7 hours. After adding water (40 ml) to the reaction 
solution, the mixture was extracted with ethyl acetate (40 ml). The ethyl acetate layer 
was dried over anhydrous sodium sulfate and the ethyl acetate was distilled off under 
reduced pressure. The resulting residue was dissolved in a small amount of acetone 
and purified by preparative high peiformance liquid chromatography [column: YMC- 
Pack Pro C18 AS-343 (20 <)> x 2S0 mm), detection: UV absorption at 254 nm, flow rate: 
10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) (38:62) as the mobile phase. 
Thus 2 fiactions were obtained and respectively concentrated under reduced pressure to 
give Compound 28 (14.2 mg, 52 min) and Compound 29 (31.7 mg, 37 min). 



-32- 



Example IS (Compound 30) 

Compoimd 8 (72 mg) was dissolved in pyridine (2 ml), and acetic anhydride 
(2 ml) was added thereto, followed by stirring at room temperature for 17 hours. After 
adding water (50 ml) to the reaction solution, the mixture was extracted with ethyl 
acetate (SO ml). The ethyl acetate layer was dried over anhydrous sodium sulfate and 
the ethyl acetate was distilled off under reduced pressure. Hie resulting residue was 
dissolved m a small amount of acetone and purified by preparative high performance 
liquid chromatography [column: YMC-Pack Pro CI 8 AS-343 (20 <j) x 250 mm), 
detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 
3.5» acetic acid) (53:47) as the mobile phase. The obtained fraction was concentrated 
under reduced p£^ure to give Compound 30 (45.5 mg» 30 min). 

Example 16 (Compound 3 1) 

Radicicol (10.8 g) was dissolved in ethyl acetate (140 ml) and 5% palladium 
carbon (wet type) (255 mg) was added thereto, followed by hydrogen replacement (1 
atm) and stirring at room temperature for 3 hours. Aiter filtering the palladium carbon, 
the filtrate was concentrated under reduced pressure. The resulting residue was 
purified by silica gel chromatography [Silica Gel 60 (trade name, manufactured by 
Merck)] and eluted with n-hexane:ethyl acetate (2:1) to give Compound 4 (3.43 g), or 
eluted with n>hexane: ethyl acetate (3:2) to give Compound 3 (4.14 g). A portion (500 
mg) of a fi-action (3.08 g) between Compound 3 and Compound 4 was dissolved in a 
small amount of N,N-dimethylformamide and purified by preparative high performance 
liquid chromatography [column: YMC-Pack Pro CI 8 AS-343 (20 ^ x 250 mm), 
detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 
3.5, acetic acid) (38:62) as the mobile phase. Thus 2 fractions were obtained and 
respectively concentrated under reduced pressure to give Compound 3 (177.8 mg) 
together with Compound 31 (20.7 mg, 23 min). 
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Example 17 (Compounds 32, 33 and 34) 

Radicicol (11.9 g) was dissolved in ethyl acetate (160 ml) and S% palladium 
carbon (wet type) (300 mg) was added thereto. After purging with hydrogen (1 atm), 
the mixture was stirred at room temperature for 3 hours. After filtering the palladium 
carbon, the filtrate was concentrated under reduced pressure. The resulting residue 
was purified by silica gel chromatography [Silica Gel 60 (trade name» manufactured by 
Merck)] and eluted with n-hexane:ethyi acetate (2:1) to give Compound 4, or eluted 
with n-hexane:ethyl acetate (3:2) to give Compound 3. Furthermore, a j&action eluted 
with n-hexane:ethyl acetate (1:1) was concentrated under reduced pressure to gh^e a 
crude purified product (936 mg). The resulting crude purified product was dissolved 
in a small amount of acetone and purified by preparative high performance liquid 
chromatography [column: YMC-Pack Pro CIS AS-343 (20 ^ x 250 mm), detection: UV 
absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 3.5, acetic 
acid) (34:66) as the mobile phase to obtain three fractions. Each Section was 
concentrated under reduced pressure to give Compound 32 (17.4 mg, 17 min), 
Compound 33 (49.4 mg, 18 mm) and Compound 34 (347.4 mg, 21 min). 

Example 18 (Compound 35) 

Radicicol (210 mg) was dissolved in pyridine (4 ml), and hydroxylamine 
hydrochloride (180 rag) was added thereto at room temperature;, followed by heating 
40^C and stirring for 2.5 hours. After cooling to room temperature^ water (100 ml) 
was added thereto and the mixture was extracted with ethyl acetate (80 ml). The ethyl 
acetate layer was dried over anhydrous sodium sulfate and then the ethyl acetate was 
distilled off under reduced pressure. The resulting residue was purified by preparative 
silica gel chromatography [Silica Gel 60 F254 (trade name, manufactured by Merck), 
0.5 mm in thickness] using chloroform-methanol (90: 10) as the developing solvent. A 
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fraction showing an Rf value of 0.65 was collected, extraded with ethyl acetate and 
then concentrated under reduced pressure to g^ve Compound 35 (40.0 mg). 

Example 19 (Compounds 36, 37, 38 and 39) 

Radicicol (11.9 g) was dissolved in ethyl acetate (160 ml), and 5% 
palladium carbon (wet type) (300 mg) was added thereto, followed by hydrogen 
replacement (1 atm) and stirring at room temperature for 3 hours. After filtering the 
palladium carbon, the jSltrate was concentrated under reduced pressure. The resulting 
residue was purified by silica gel chroraatogr^hy [Silica Gel 60 (trade nam^ 
manufactured by M^ck)] and eluted with n-hexane:ethyl acetate (2:1). The resulting 
fraction was concentrated under reduced pressure to give a fraction (1537 mg) 
comprising Compound 4 as the main component. This fraction was dissolved in 
methanol (21 ml)/tetrahydro{uran (7 ml), and cerium (EI) chloride heptahydride (2130 
mg) was added thereto, followed by stirring at room temperature for 30 minutes. Nesct, 
sodium boron hydride (790 mg) was slowly added to the solution under ice cooling, 
followed by stirring at room temperature for 10 mmutes. The reaction solution was 
diluted with water (30 ml) and the pH value was adjusted to be neutral by adding a IN 
aqueous hydrochloric acid solution, followed by fiirther dilution with water (30 ml). 
The aqueous layer was extracted with ethyl acetate (100 ml x 2), The resulting ethyl 
acetate layer was dried over anhydrous sodium sulfate and then the ethyl acetate was 
distilled off under reduced pressure to give a gummy substance (1.46 g). The obtained 
substance was dissolved in a solvent mixture of chloroform-methanol (4:1) and 
adsorbed by a silica gel [Silica gel 60 (trade name, manufactured by Merck)] column 
(400 ml) prepared by moistening with n-hexane. Then, elution was successively 
carried out with a solvent mixture of n-hexane-ethyl acetate. After eluting Compound 
4 with n-hexane-ethyl acetate (2:1), the residue was ehited with n-hexane-ethyl acetate 
(3:2) to give each of fraction (1) (190 mg) and fraction (2) (398 mg) by concentration 
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undw- reduced pressure. Fraction (1) was dissolved in a small amount of 
t^rahydrofuran and purified by preparative high performance liquid chromatography 
[column: YMC-Pack Pro C18 AS-343 (20 (j) x 250 nun), detection: XJV absorption at 
254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) (35:65) as 
the mobile phase to obtain three fractions. Each of the firaction was concentrated under 
reduced pressure to give Compound 9 (87,2 mg) together with Compound 36 (1 L3 mg, 
20 min) and Compound 38 (10.1 mg, 25 min). Fraction (2) was dissolved in a small 
amount of tetrahydrofuran and purified by preparative high performance liquid 
chromatography under the same conditions as in fraction (1) to obtain two fractions. 
Each of the fractions was concentrated under reduced pressure to g^ve Compound 37 
(19.8 mg, 2S min) and Compound 39 (23.2 mg, 27 min). 

Example 20 (Compounds 40 and 41) 

Compound 7 (61 mg) was dissolved in N,N-dimethylformamide (3 ml), and 
potassium hydroxide (5 mg) and 1-bromobutane (1 ml) were added thereto, followed by 
stirring at room temperature for 3.5 hours. After adding water (20 ml) to the reaction 
solution, the mixture was extracted with ethyl acetate (30 ml). The ethyl acetate layer 
was dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off 
under reduced pressure. The resulting residue was dissolved in a small amount of 
acetone and purified by preparative high performance liquid chromatography [column: 
YMC-Pack Pro CIS AS-343 (20 ^ x 250 mm), detection: UV absorption at 254 nm, 
flow rate: 10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) under gradient of 
(60:40) to (90:10) as the mobile phase to obtain two fractions. Each of the fractions 
was concentrated under reduced pressure to give Compound 40 (25.6 mg, 33 min) and 
Compound 41 (21.4 mg, 40 min). 
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Example 21 (Compounds 42 and 43) 

Compound 7 (67 mg) vm dissolved in N,N-dimethylformamide (3 ml), and 
potassium hydroxide (5 mg) and 1-bromohexane (1 ml) were added thereto, followed by 
stirring at room temperature for 3.5 hours. After adding water (20 ml) to the reaction 
solution, the mixture was extracted with ethyl acetate (30 ml). The ethyl acetate layer 
was dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off 
under reduced pressure. The resulting residue was dissolved in a small amount of 
acetone and purified by preparative high performance liquid chromatography [column: 
YMC-Pack Pro CIS AS-343 (20 (j) x 250 mm), detection: UV absorption at 254 nm, 
flow rate: 10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) under gradient of 
(60:40) to (90:10) as the mobile phase to obtain two fractions. Each of the fractions 
was concentrated under reduced pressure to give Compound 42 (24.9 mg» 38 min) and 
Compound 43 (32.9 mg, 53 min). 

Example 22 (Compound 44) 

Compound 7 (62 mg) was dissolved in HN-dimethylformamide (3 ml), and 
potassium hydroxide (5 mg) and 1-bromopropane (1 ml) were added thereto, followed 
by stirring at room temperature for l.S horn's. After adding water (20 ml) to the 
reaction solution, the mixture was extracted with ethyl acetate (30 ml). The ethyl 
acetate layer was dried over anhydrous sodium sulfate and then the ethyl acetate was 
distilled off under reduced pressure. The resulting residue was dissolved in a small 
amount of acetone and purified by preparative high performance liquid chromatography 
[column: YMC-Pack Pro C18 AS-343 (20 <t^ x 250 mm), d^ection: UV absorption at 
254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 3,5, acetic acid) under 
gradient of (45:55) to (85:15) as the mobile phase. The obtained fraction was 
concentrated under reduced pressure to ^ve Compound 44 (45.3 mg» 38 min). 



-37- 



Example 23 (Compound 4S) 

Compound 7 (64 mg) was dissolved in N,N-dimethyIfonnamide (3 ml), and 
potassium hydroxide (5 mg) and 2-(bromomethyl)cycIohexane (2 ml) were added 
thereto, followed by stirring at room temperature for 7 hours. After adding water (20 
ml) to the reaction solution, the mixture was extracted with ethyl acetate (30 ml). The 
ethyl acetate layer was dried over anhydrous sodium sulfate and then the ethyl acetate 
was distilled off under reduced pressure. The resulting residue was dissoh^ed in a 
small amount of acetone and purified by preparative high performance liquid 
chromatography [column: YMC-PackPro CI 8 AS-343 (20 <|) x 250 mm), detection: UV 
absorption at 254 ran, flow rate: 10 ml/min] using acetonitrile-water (pH 3,5, acetic 
acid) under grdifeit of (65:35) to (85:15) as the mobile phase. The obtained fraction 
was concentrated under reduced pressure to give Compound 45 (24.7 mg, 70 min). 

Example 24 (Compound 46) 

Compound 7 (200 mg) was dissolved in N,N-dimethylformamide (10 ml), 
and hydrobromic add (5 ml) was added thereto, followed by stirring at UO^'C for 6 
hours. After adding ethyl acetate (ISO ml) to the reaction solution, the mixture was 
washed with sodium hydrogen carbonate (150 ml x 2), The ethyl acetate layer was 
dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off under 
reduced pressure. The resulting residue was dissolved in a small amount of methanol 
and purified by preparative high performance liqmd chromatography [column: YMC- 
Pack Pro C18 AS-343 (20 ^ x 250 ram), detection; UV absorption at 254 nm, flow rate: 
10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) under gradient of (38:62) to 
(50:50) as the mobile phase. The obtained fraction was concentrated under reduced 
pressure to give Compound 46 (17.0 mg, 18 min). 
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Example 25 (Compound 47) 

Compound 62 (1S4 mg) was dissolved in ethyl acetate (S ml), and 5% 
palladium carbon (wet type) (3& mg) was added thereto^ followed hydrogen replacement 
(1 atm) and stirring at room temperature for 90 minutes. After jRltering the palladium 
carbon, the filtrate was distilled off under reduced pressure to give Compound 47 (134.8 
rag). 

Example 26 (Compound 48) 

Compound 61 (211 mg) was dissolved in ethyl acetate (11 ml), and 5% 
palladium carbon (wet type) (42 mg) was added thereto, followed by hydrogen 
replacement (1 atm) and stirring at room temperature for 90 minutes. After filtering 
the palladium carbon, the filtrate was distilled off under reduced pressure. The 
resulting residue (184 mg) was purified by preparative thin layer diromatography 
[Silica Gel 60 F254 (trade name, manufactured by Merck), 20 cm x 20 cm, 0.5 mm in 
thickness] using chloroform-methanol (95:5) the developing solvent A part with an 
Bf value of 0.5 was collected, extracted with ethyl acetate and then concentrated under 
reduced pressure to give Compound 48 (159.7 mg). 

Example 27 (Compounds 49 and 50) 

Compound 61 (233 mg) was dissolved in methanol (10 m])/tetrahydrofiiran 
(2 ml), and cerium (m) chloride heptahydride (754 mg) was added thereto, followed by 
stirring at room temperature for 30 minutes. Next, sodium boron hydride (236 mg) 
was slowly added to the solution under ice cooling, followed by stirring at room 
temperature for 5 minutes. After diluting the reaction solution with water (30 ml), a 
IN aqueous hydrochloric acid solution (3 ml) was added to adjust the pH value to be 
n^itral, and the mixture was fiirther diluted with water (30 ml). The aqueous layer 
was extracted with ethyl acetate (100 ml x 2). The resuhing ethyl acetate layer was 
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dried over anhydrous sodium sulfate and then the ethyl acetate was distilled off under 
reduced pressure to ^e a white powder (267 mg). Then, the obtained powder was 
dissolved in a small amount of water and purified by preparative high performance 
liquid chromatography [column: YMC-Pack Pro CIS AS-343 (20 (j) x 250 mm), 
detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 
3.5, acetic acid) (45:55) as the mobile phase to obtain two fractions. Each of the 
fractions was concentrated under reduced pressure to give Compound 49 (49.3 mg, 19 
min) and Compound SO (184.6 mg, 21 min). 

Example 28 (Compound 51) 

Compour^d 62 (191 mg) was dissolved in methanol (10 ml)/tetrahydrofuran 
(4 ml), and cerium QJJ) chloride heptahydride (641 mg) was added thereto, followed by 
stirring at room temperature for 30 minutes. Next, sodium boron hydride (216 mg) 
was slowly added to the solution under ice cooling, followed by stirring at room 
temperature for 10 minutes. After diluting the reaction solution with water (30 ml), a 
IN aqueous hydrochloric acid solution (3 ml) was added to adjust the pH value to be 
naatral, and the mixture was further diluted with water (30 ml). The aqueous layer 
v/as extracted with ethyl acetate (100 ml x 2). The resulting ethyl acetate layer was 
dried over anhydrous sodium sulfate and then the ethyl acetate was distilled oflf under 
reduced pressure to give a colorless oily substance (182 mg). Then, the obtained oil 
was dissolved in a small amount of methanol and purified by preparative high 
performance liquid chromatography (column: YMC-Pack Pro CIS AS-343 (20 ^ x 250 
mm), detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile- 
water (pH 3.5, acetic acid) (30:70) as the mobile phase. The obtained fraction was 
concentrated under reduced pressure to give Compound 51 (137.3 mg, 29 min). 
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Example 29 (Compound 52) 

Radicicol (20S mg) was dissolve in acetone (10 ml), and S- 
cWoroacetylthiophenol (330 mg) and potassium carbonate (310 mg) were added thereto^ 
followed by stirring at room temperature for 1.5 hours. Then, water was added to the 
reaction solution, followed by extraction with ethyl acetate. After washing with a 
saturated aqueous sodium chloride solution and drying over anhydrous magnesium 
sulfate, the extract was dried under reduced pressure. Then> the re^due was crudely 
purified by silica gel column chromatography (20 g, ethyl acetatein-hexane = 1:2). 
The resulting crude purified product was then purified by high performance liquid 
chromatography (20 <|> x 250 mm, YMC-Padk Pro CIS. ehited with water (to which 
acetic add had been added, pH 3.5):acetonitrile ^ 65:35) to give Compound 52 (105 
rag). 

Example 30 (Compound 53) 

Radicicol (406 mg) was dissolved in N,N-dimethylformamide (6 ml), and 
triethylamine (57.6 mg) and thiophenol (260 mg) were added thereto, fi)llowed by 
stirring under ice cooling overnight. Then, dilute hydrochloric acid was added to the 
reaction solution, followed by extraction with ethyl acetate. After washing 
successively with water and a saturated aqueous sodium chloride solution and drying 
over anhydrous magnesium sulfate, the extract was dried under reduced pressure. A 
238 mg portion of the resulting residue was then purified by high performance liquid 
chromatography (20 ^ x 250 mm, YMC-Pack Pro CIS, ehjted with water (to which 
acetic acid had been added, pH 3.5):acetonitrile = 65:35) to give Compound 53 (46.0 
mg). 
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Example 3 1 (Compounds 54 and 55) 

Radicicol (378 rag) vm dissolved in N,N-dimethyIfonnamide (6 ml), and 
triethylamine (S6.4 m^ and thioacetic acid (163 mg) were added thereto under ice 
cooling, followed by stirring under ice cooling overnight. Then, dilute hydrochloric 
add was added to the reaction solution, followed by extraction with ethyl acetate. 
After washing successively with water and a saturated aqueous sodium chloride solution 
and drying over anhydrous magnesium sulfate^ the extract was dried under reduced 
pressure. A 238 mg portion of the resulting residue was then purified by high 
performance liquid chromatography (20 <]) x 250 mm, YMC-Pack Pro C18, eluted with 
water (to which acetic acid had been added, pH 3.5):acetonitrile " 65:35) to give 
Compound S4 (49.0 mg) and Compound 5S (15.7 mg). 

Example 32 (Compoimd 56) 

Radicicol (131 mg) was dissolved in acetone (10 ml), and methyl 
bromoacetate (219 mg) and potassium carbonate (183 mg) were added thereto, followed 
by stirring at room temperature for 3 hours. Then, dilute hydrochloric acid was added 
to the reaction solution, followed by extraction with ethyl acetate. After washing with 
a saturated aqueous sodium chloride solution and drying over anhydrous magnesium 
sulfate, the extract was dried under reduced pressure. Then, the resulting residue was 
recrystallized from ethyl acetate to give Compound 56 (81.8 mg). 

Example 33 (Compound 57) 

Compound 7 (116 mg) was dissolved in acetone (10 ml), and methyl 
bromoacetate (330 mg) and potassium carbonate (276 mg) were added thereto, followed 
by stirring at room temperature for 3 days. Then, dilute hydrochloric acid was added 
to the reaction solution, followed by extraction with ethyl acetate. After washing vnth 
a saturated aqueous sodium chloride solution and drying over anhydrous magnesium 
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sulfate, the extract was dried under reduced pressure. Thra, the resulting residue was 
recrystallized from ethyl acetate to ^ve Compound 57 (27.7 mg^. 

Example 34 (Compound 58) 

Radicicol (103 mg) was dissolved in N,N-dimethylformamide (6 ml), and 
nicotinic acid (190 mg), l-ethyl-3-(3-dimethyIarainopropyl)caAodiiniide hydrochloride 
(270 m^ and 4-dimethyl pyridine (37.7 mg) were added thereto, followed by stirring at 
room temperature for 3.5 hours. Then, water was added to the reaction sohition, 
followed by extraction with ethyl acetate. After washing with a saturated aqueous 
sodium chloride solution and drying over anhydrous magnesium sulfate, the extract was 
dried under r^^ed pressure. Then, the resulting residue was reGrystallized from 
acetone-water to give Compound 58 (94.S mg). 

Example 35 (Compound 59) 

Compound 56 (312 mg) was dissolved in methanol (60 ml), and adding 
potassium hydroxide (206 mg)-water (20 ml) was added thereto, followed by stirring at 
room temperature for 15 minutes. Then, dilute hydrodiloric acid was added to the 
reaction solution, followed by extraction with ethyl acetate. After washing with a 
saturated aqueous sodium chloride solution and drying over anhydrous magnesium 
sulfate, the extract was dried under reduced pressure. Then, the resulting residue was 
then purified by high performance liquid chromatography (20 ^ x 250 mm, YMC-Pack 
Pro C18, eluted with water (to which acetic acid had been added, pH 3.5):acetonitrile = 
65:35) to give Compound 59 (10.6 mg). 

Example 36 (Compounds 60, 61, 62, 63, 68 and 70) 

An aseptic liquid medium (pH 6) containing 2.0% glucose, 4.0% raannitol, 
2.0% oatmeal, 0.4% yeast extract, 0.001% iron (H) sulfate heptahydrate, 0.001% zinc 
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(n) sulfate hq)tabydrate, 0.001% manganese (EQ sulfate tetra-pentahydrate and 
0.0005% . copper (JJ) sulfate pentahydrate was inoculated with Pochorua 
chkanydosporia var. chlamydosporia TF-0480 strain which was then cultured therein 
under shaking at l&'C for 72 hours. Using a 50 L jar, an aseptic medium having the 
same composition as one employed in the seed culture was inoculated with 300 ml of 
the seed culture medium which was then cultured therein under aeration-agitation at 
26^C for 144 hours. Afker the completion of the culturing, the culture was centrifUged 
to th^eby separate the cells from the supernatant. The supernatant was adsorbed by 
1.5 L of HP-20 (manufactured by Mitsubishi Chemical), washed with water and then 
eluted with 3 L of methanol. The ehiate was concentrated under reduced pressure and 
the obtained aqueous layer was extracted with ethyl acetate. The ethyl acetate layer 
was dehydrated over anhydrous sodium sulfate and concentrated under reduced pressure 
to ^ve a brown syrupy substance (60 g). 

A portion (30 g) of the culture extract was dissolved in a solvent mixture of 
chloroform-methanol (4:1) and adsorbed by a silica gel [Silica Gel 60 (trade nam^ 
manufactured by Merck)] column (1600 ml) prepared by moistening with n-hexane. 
Next, elution was successively carried out with n«hexane-ethyl acetate mixtures to ^ive 
a fraction (130 mg) eluted with a solvent mixture of n-hexane-ethyl acetate (4:1), (2:1)- 
eluted fractions (1) (1 .88 g) and (2) (780 mg), and a (1 :2)-eluted fraction (3.56 g). The 
n-hexane-ethyl acetate (4:l)'eluted fraction (130 mg) was dissolved in a small amount 
of acetone and purified by preparative high performance liquid chromatography 
[column: YMC-Pack Pro C18 AS-343 (20 ^ x 250 nmi), detection: UV absorption at 
254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) (55:45) as 
the mobile phase to obtain two fractions. Each of the fractions was concentrated under 
reduced pressure to give Compound 63 (23.5 mg, 20 min) and Compound 70 (4.8 mg, 
24 min). The n-hexane-ethyl acetate (2:l)-eluted fraction (1.88 g) was recrystallized 
from acetone (30 ml) to give Compound 61 (277 mg). The eluted fraction (2) (780 
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mg) was purified by preparative thin layer chromatography [Silica Gel 60 F2S4 (trade 
name, manufactured by Merck), 20 cm x 20 cm» 1 mm in thickness] using n-bexane^ 
acetone (3 :2) as the developing solvent. A part with an Rf value of 0.4 was collected, 
extracted v^th ethyl acetate and then concentrated under reduced pressure to give 
Compound. 60 (80.3 mg). Next, the n-hexane-ethyl acetate (l:2)-eluted fraction (3.56 
g) was dissolved in a solvent mixture of chloroform-methanol (4:1) and adsorbed by a 
siHca gel [Silica Gel 60 (trade name, manufactured by Merck)] column (880 ml) 
prepared by moistening with chloroform, Next» elution was successively caiiied out 
with a solvent mixture of chlorofonn-methanol to give a chloroform-methanol (98:2)- 
ehjted fraction (926 mg). Then, it was recrystallized from acetone-methanol (1 ml/3 
ml) to give Compoimc 62 (339 mg). A chloroform-methanol (97:3)-eluted fraction 
(1.42 g) was purified by column chromatography using Sephadex LH-20 (trade name, 
manufactured by Amersham Pharmacia Biotech) (methanol, 900 ml), followed by 
preparative high performance liquid chromatography [colunm: YMC-Pack Pro CIS AS- 
343 (20 (() X 250 mm), detection: UV absorption at 254 nm, flow rate: 10 ml/mm] using 
acetonitrile-water (pH 3.5, acetic acid) (30:70) as the mobile phase. The obtained 
fraction was concentrated under reduced pressure to give Compound 68 (4.5 mg, 21 
min). 

Example 37 (Compounds 64, 65, 71, 72 and 76) 

A portion (30 g) of a culture extract obtained as in Example 36 was 
dissolved in a solvent mixture of chloroform-methanol (4: 1) and adsorbed by a silica gel 
[Silica Gel 60 (trade name, manufactured by Merck)] column (700 ml) prepared by 
moistening with chloroform. Next, elution was successively carried out with a solvent 
mixture of chloroform-methanol. A chloroform-methanol (93:7)-eluted fraction was 
divided into 2 portions, i.e., fractions (1) (156 mg) and (2) (164 mg). Fraction (1) was 
dissolved in a small amount of methanol and purified by preparative high performance 
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liquid chromatography [column: YMC-Pack Pro CIS AS-343 (20 ^ x 250 mm), 
detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile-water (pH 
3.S, acetic acid) (30:70) as the mobile phase to obtain four fractions. Each of the 
fractions was concentrated under reduced pressure to give Compound 64 (35.4 mg, 21 
min). Compound 72 (13.7 mg, 27 min), Compound 71 (6.6 mg, 29 min) and Compound 
65 (4. 1 mg, 33 min). Fraction (2) was purified by preparative high performance liquid 
chromatography under the same conditions, and the obtained fractions were collected 
and concentrated under reduced pressure to give Compound 71 (3.7 mg) together with 
Compound 76 (4.5 mg, 20 min). 

Example 38 (Compoimds 69 and 74) 

A culture extract (39.5 g) obtained as in Example 36 was dissolved in n- 
hexane (300 ml x 2). The precipitate thus formed was filtered and the solvent was 
removed. The obtained precipitate (8.1 g) was dissolved in a solvent mixture of 
chloroform-methanol (4:1) and adsorbed by a silica gel [Silica Gel 60 (trade name, 
manufactured by Merck)] column (650 ml) prepared by moistening with chloroform. 
Next, elution was successively carried out with a solvent mixture of chloroform- 
methanol to give a chloroform-methanol- (88:12)-eluted fraction (318 mg). This 
fraction was divided in a small amount of methanol and purified by preparative high 
performance liquid chromatography [column: YMC-Pack Pro CIS AS-343 (20 <|) x 250 
mm), detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile- 
water (pH 3.5, acetic acid) (30:70) as the mobile phase to obtain two fractions. Each 
of the fractions was concentrated under reduced pressure to give Compouiid 74 (15.3 
mg, 19 min) and Compound 69 (8.0 mg, 38 min). 
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Example 39 (Compound 66) 

A culture extnict (39.5 g) obtained as in Example 36 was dissolved in n- 
hexane (300 ml x 2). The precipitate thus formed was filtered and the solvent was 
removed. The obtained precipitate (8.1 g) was dissolved in a solvent mixture of 
chloroform-methanol (4:1) and adsorbed by a silica gel [Silica Gel 60 (trade name, 
manufactured by Merck)] column (6S0 ml) prepared by moistening with chloroform. 
Next, elution was successively carried out with a solvent mixture of chlorofbnn- 
methanol to give a chloroform-methanol (100:0)-eluted fraction (1.5 mg). Next, it was 
applied to silica gel column (620 ml) using a solvent mixture of n-hexane-ethyl acetate 
to ^ve an n-hexane-ethyl acetate (2:I>eluted fraction (321 mg). The obtained fraction 
was dissolved in a small amount of acetone and purified by preparative high 
performance liquid chromatography [cohjiran: YMC-Pack Pro CIS AS-343 (20 ^ x 250 
mm), detection: UV absorption at 254 nm, flow rate: 10 ml/min] using acetonitrile- 
water (pH 3.5, acetic acid) (under gradient of 45:55 to 70:30) as the mobile phase to 
give Compound 66 (14.4 mg, 34 min). 

Example 40 (Compounds 73, 77 and 78) 

A culture extract (500 g) obtained as in Example 36 was dissolved in a 
solvent mixture of chloroform-methanol (4:1) and adsorbed by a silica gel [Silica Gel 
60 (trade name, manufactured by Merck)] column (6000 ml) prepared by moistening 
with chloroform. Next, elution was successively carried out with a solvent mixture of 
chloroform-methanol Thus, a chloroform-methanol (95:5)-eIuted fraction (57 g) was 
obtained. A portion (18 g) of this fraction was further subjected to silica gel column 
(800 ml) using a solvent mixture of n-hexane-ethyl acetate. An n-hexane-ethyl acetate 
(2:l)-eluted fraction was divided into 2 portions, i»e., fractions (1) (126 mg) and (2) 
(985 mg). Fraction (1) was dissolved in a small amount of acetone and purified by 
preparative high performance liquid chromatography [column: YMC-Pack Pro C18 AS- 



-47- 



343 (20 ^ X 250 mm), detection: UV absorption at 254 nm, flow rate: 10 ml/min] using 
acetonitrile-water (pH 3.5, acetic acid) (55:45) as the mobile phase. The obtained 
fraction was concentrated under reduced pressure to g^ve Compound 78 (13.4 mg, 26 
min). On the other hand, fraction (2) was purified by preparative high performance 
liquid chromatography using acetonitrile-water (pH 3.5, acetic acid) (45:55) as the 
mobile phase to obtain the two fractions. Each of the fractions was concentrated under 
reduced pressure to give Compound 73 (38.1 mg, 10 min) and Compound 77 (67.2 mg, 
26 min). 

Example 41 (Compounds 67 and 75) 

A 6&liure extract (500 g) obtained as in Example 36 was dissolved in a 
solvent mixture of chloroform-methanol (4:1) and adsorbed by a silica gel [Silica Gel 
60 (trade name, manufactured by Merck)] column (6000 ml) prepared by moistening 
with chloroform. Next, elution was successively carried out with a solvent mixture of 
chloroform-methanol. Thus, a chloroform-methanol (95:5)-ehited fraction (57 g) was 
obtained. A portion (18 g) of this fraction was further subjected to silica gel cohimn 
(800 ml) using a solvent mixture of n-hexane-ethyl acetate to obtain an n-hexane-ethyl 
acetate (1 :2)-eluted fraction. This fraction was dissolved in a small amount of acetone 
and purified by preparative high performance liquid chromatography [column: YMC- 
Pack Pro C18 AS-343 (20 ^ x 250 mm), detection: UV absorption at 254 nm, flow rate: 
10 ml/min] using acetonitrile-water (pH 3.5, acetic acid) (40:60) as the mobile phase to 
obtain two fractions. Each of the fractions was concentrated under reduced pressure to 
give Compound 67 (17.4 mg, 11 min) together with a semi-pure sample (23,9 mg). 
This semi-pure sample was purified by preparative thin layer chromatography [Silica 
Gel 60 F254 (trade name, manufectured by Merck), 20 cm x 20 cm, 0.5 mm in 
thickness] using chloroform-methanol (90:10) as the developing solvent. A part with 
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an Rf value of 0.5 was collected, extracted with ethyl acetate and then concentrated 
under reduced pressure to gjve Compound 75 (4.3 mg). 

Table 2 shows the compounds synthesized and purified in the above 
Examples and data thereof. 
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Test Example 1 

Expression of WNT-SA mRNA in dermal papilla cells: 

Human dermal papilla cells, which were purchased from Toyobo, were 
cultured in MEM (Invitrogen) contaiiung 12% FBS. Human hair follicle cells were 
separated from plucked hairs in accordance with the method of Arase et al, (/. Dermatol 
ScL, 2, 66-70 (1991)) and cultured by using KGM-2 (Sanko Junyaku). 

The dermal papilla cells in passage S and the hair follicle cells in passage 2 
were sowed in a 10 cm dish to give a density of 2x10^ cells/well and cultured over 2 
nights. After removing the medium, the cells were washed with PBS(-) and total 
RNAs were extracted by using TRIzol reagent (Invitrogen), Using 50 ng of the total 
RNAs, 0,4 pM primers specific to WNT-5A or glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) [WNT-5A forward: AATGTCTTCC AAGTTCTTCC 
TAGTGGC (SEQ ID N0:8). WNT-5A reverse: GATGTCGGAA TTGATACTGG CA 
(SEQ ID N0:9), GAPDH forward: ACCACAGTCC ATGCCATCAC (SEQ ID NO: 10) 
and GAPDH reverse: TCCACCACCC TGTTGCTGTA (SEQ ID NO: 11)] and 
SUPERSCRIPT One-Step RT-PCT with PLATINUM Taq (Invitrogen). RT-PCR was 
carried out in accordance with the protocol attached to SUPERSCRIPT One-Step RT- 
PCT with PLATINUM Taq. In brie^ first strand synthesis was carried out at 50*^0 for 
30 minmes in a reaction system of 25 [il in total volume. After heating to 94*C for 2 
minutes, each cDNA fragment was amplified in 23 or 20 cycles with each cycle 
consisting of 30 seconds at 94'^C, 30 seconds at SS^'C and 30 seconds at 72*C. 

Each reaction sohition was dectrophoresed in a 1.5% agarose gel and 
stained with ethidium bromide. Rg. 1 shows the results. 

In the case of using the dermal papilla cell (DPC)-derived RNA» a 
remarkable amplification of the cDNA fragment was observed in the 23 -cycle PGR 
using the WNT-5A-specific primers. In the case of using the hair follicle cell OHFC)- 
derived RNA, no amplified product was observed under the same conditions. 
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Test Example 2 

Measurement of activity of decreasing WNT-5A mRNA amount: 

Human dermal papilla cells, which were purchased jfrora Toyobo, were 
cultured in MEM (Invitrogen) containing 12% FBS, 

The dermal ps^pilla cells in passage 5 were sowed in a 12-welI plate to give a 
density of 1.6x10^ cells/well and cultured overmght. Then, the medium was rq>laced 
by a medium to which no compound was added or a medium containing Compound 1, 2, 
3, 4, 5, 7, 9 or 24 and the culture was continued for additional 24 hours. After the 
completion of the culture, each medium was removed and the cells were washed with 
PBS(-). ThedeStal RNAs were extracted by using TBIzol reagent (Invitrogen). 
Using 50 ng of the total RNAs, 0.4 pM of primes spea&c to WNT-5 A or GAPDH 
[WNT-5A fonvard: AATGTCTTCC AAGTTCTTCC TAGTGGC (SEQ ID N0:8), 
WNT-5A reverse: GATGTCGGAA TTGATACTGG CA (SEQ ID N0:9), GAPDH 
forward: ACCACAGTCC ATGCCATCAC (SEQ ID NO: 10) and GAPDH reverse; 
TCCACCACCC TGTTGCTGTA (SEQ ID NO: 11)] and SUPERSCRIPT One-Step RT- 
PCT with PLATINUM Taq (Invitrogen), RT-PCR was canied out in accordance with 
the protocol attached to SUPERSCRIPT One-Step RT-PCT wth PLATINUM Taq. In 
brie^ first strand synthesis was carried out at 50^C for 30 minutes in a reaction system 
of 25 [il in total volume. After heating to 94*'C for 2 minutes, the cDNA fragment of 
WNT-5 A or GAPDH was amplified in 23 or 20 cycles with each cycle consisting of 30 
seconds at 94*0, 30 seconds at SS^'C and 30 seconds at 72'^C. 

Each reaction solution was electrophoresed in a 1.5% agarose gel and 
stained with ethidium bromide. Fig. 2 shows the resuks. 

In the 23 -cycle PGR using the WNT-5 A-specific primers, the amplified 
WNT-SA cDNA fragments was remarkably decreased in the cultures with the 
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compounds, compared whh the culture using the medium to which no compound was 
added. 

In the 20-cycle PGR using the GAPDH-specific primers, on the other hand, 
no change was observed in the amount of amplified cDNA fragment regardless of the 
presence or absence of the compounds. 

Test Example 3 

Dermal papilla cell growth promotion activity test: 

Human dermal papilla cells, which were purchased firom Toyobo, were 
cultured in MEM (Invitrogen) containing 12% FBS. 

The dermal papilla cells in passage S were sowed in a 96-weIl plate for 
spheroid culture to ^ve a den^ty of l.SxlO"^ cells/well and cultured overnight. Then, 
the medium was replaced by a medium to which no compound was added or a medium 
containing Compound 1, 2, 3, 4, 5, 7, 9 or 24 and the culture was contmued for 
additional 72 hours. After the completion of the culture, cells were counted by using 
Cell Counting Kit (Wako Pure Chemicals). Five hours before the completion of the 
culture, WST-1 reagent at 1/10 aniount per medium was added to each medium and 
then the optical density (O.D. 450 nm/620 nm) of the medium was measured at the 
completion of the culture, A positive correlation was observed between the cell 
number and optical density within the range of 0.25 to 4x10"^ cells/well. 

As a result, it is clarified that a compound having an activity of decreasing 
WNT-5A mRNA amount has an activity of promoting the growth of dermal papilla 
cells (Fig. 3). In this figure, each numerical value means an average of 6 wells 
(control group) or 3 wells (test groups). To compare the control group to the test 
groups, Student's t-test was employed: 

P<0.05, *•: P<0.01, ♦**: P<0,001. 
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The above-described Test Examples indicates that WNT-5A is expressed in 
human dermal papilla cells, the amount of WNT-5A mSNA in dermal papilla cells is 
decreased by the compound according to the present invention, and a compound having 
an activity of decreasing WNT-5A mRNA amount has an activity of promoting the 
growth of dermal papilla cells. 

Test Example 4 

Activity of compounds (Table 2) of decreasmg WNT-5A mRNA amount (quantification 
of mRNA by QuantiGene method) 

Human dermal papilla cells, which were purchased from Toyobo, were 
cultured in MEM (Invitrogen) containing 12% FBS, 

The dermal papilla cells in passage S wore sowed in a 96-well plate to ^ve a 
density of 1x10^ cells/well and cultured overnight. Then, the medium was replaced by 
a medium to which no compound was added or a medium contaiiung the compounds 
and the culture was continued for additional 24 hours. After the completion of the 
culture, WNT-5 A or GAPDH mKNA amount was measured by using QuantiGene High 
Volume Kit (Bayer Medical) by the branched DNA (bDNA) signal amplification 
method (Drug Metabolism and Disposition, 28(5), 608-616(2000)). In accordance 
with the protocol attached to QuantiGene High Volume Kit, cells were lysed by using 
Lysis Mixture and the lysis solution was added to capture plate. Next, a set of probes 
specific to WNT-5A or GPDH was added and allowed to react at 53*C for 20 hours. 
After washing the plate by usmg O.lxSSC containing 0.03% lauryl sulfate, an 
amplification probe comprising bDNA was added and allowed to react at 46*'C for 1 
hour. After washing the plate, a labeling probe labeled with alkaline phosphatase was 
added and allowed to react at 46*^0 for 1 hour. After washing the plate, a substrate 
Lumi-Phos Plus was added and allowed to react at 46**C for 30 minutes. Then, the 
luminescence was measured by using WALLAC 1420ARVOsx. 
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The WNT-S A-specific probe set was designed based on the sequence of the 
coding r^ion of human WNT-5A mRNA. As capture extenders (CEs), 10 probes 
(SEQ JD N0s:12 to 2]) were used; as label e)ctender$ (LEs), 31 probes (SEQ ID 
NOs:22 to 52) were employed; and as blockers, 9 probes (SEQ ID NOs:53 to 60) were 
employed. 

As GAPDH-specific probe set, use was made of bDNA probe set for human 
GAPDH (XenoTechLLC, B0960). 

The amounts of WNT-5A and GAPDH mRNAs are expressed in relative 
values (%) to the control case of adding of no compound and the concentration of a 
compound at which the mllNA amount is halved (ICso) is calculated as an index of 
WNT-5A mKNA decreasing activity of the correspondmg compound. 

Table 3 shows the effects of the compounds on the WNT-SA and GDPH 
mKNA amounts. Each numerical value in the table shows the average of 2 wells. 
These compounds decreased the WNT-5 A mKKA amount in dermal papilla cells. The 
IC50 value of the most active compound was 0.12pM. At the ICso concentration of 
each compound for WNT-SA niRNA suppression, no decrease was observed in the 
GAPDH roRNA amount measured at the same time. 
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Test Example 5 

Dermal papilla cell growth promoting activity of compounds (Table 2): 

Human dermal papilla cells^ wiuch were purchased from Toyobo, were 
cultured in MEM (Invitrogen) contaimng 12% FBS. 

The dermal papilla cells in passage 5 were sowed in a 96-.wen plate for 
spheroid culture to give a density of 1.5x10"* cells/well and cultured overnight. Then, 
the medium was replaced by a medium to which no compound was added or a medium 
containing the compound and the culture was continued for additional 72 hours. After 
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the completion of the culture, cells were counted by using a Cell Counting Kit (Wako 
Pure Chemicals). Five hours before the completion of the culture^ WST-1 reagmt at 
1/10 amount per medhjm was added to each medium and then the optical density (O.D. 
450 nm/620 nm) of the medium was measured at the completion of the culture. A 
positive correlation was observed between the cell number and optical density within 
the range of 0.2S to 4x10"^ cells/well 

Table 4 shows the e£Fects of the compoimds having an activity of decreasing 
the WNT-5A mRNA amount on the growth of dermal papilla cells. In this table^ each 
numerical value means an average of 6 wells (control group) or 3 wells (test groups). 
To compare the control group to the test groups, Student's t-test was employed: 
^.05, **: PO.01, ♦*♦: P<Q.OOL 

Each of the compounds having an activity of decreasing the WNT-SA 
mRNA amount showed a remarkable activity of promoting the growth of dermal papilla 
cells at 16 pM. Compounds 1, 2, 18, 35, 52, 53 and 58, each showing a potent activity 
of decreasing the \VNT-5A mRNA amount (i.e., ICso being lower than I |iM), also 
showed a significant growth promoting activity at I |iM. 
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Te$t Example 6 

Decrease in WNT-S A mRNA in monkey skin organ culture 

The dorsal skin of a Cynomolgus monkey (Macaca fascicularis) (male, 6 
years old) was collected and divided into pieces (5 mm x 8 mm) under a stereoscopic 
microscope. Then each skin tissue piece was cultured in William's Medium E 
(Livitrogen) to which no compound was added or Compound 7 or Compound 3 was 
added and which contained 10 jig/ml insulin (Sigma) and 10 ng/ml hydrocortisone 
QCurabo). 
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On the Hth day of the culturing, hair follicles were separated from each 
skin tissue piece and total RNAs were extracted by using TRI20I reagent (Invitrogen). 
Using 200 ng portions of the total KNAs, 0.4 jiM portions of primers specific to WNT- 
5A or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) [WNT-5A sense: 
AATGTCTTCC AAGTTCTTCC TAGTGGC (SEQ ID N0:8), WNT-5A antisense: 
GATGTCGGAA TTGATACTGG CA (SEQ K) N0:9), GAPDH sense: 
ACCACAGTCC ATGCCATCAC (SEQ ID NO:10) and GAPDH antisense: 
TCCACCACCC TGTTGCTGTA (SEQ ID NO: 11)] and SUPERSCRIPT One-Step RT- 
PCT with PLATINUM Taq (Invitrogen), RT-POl was carried out in accordance with 
the protocol attached to SUPERSCRIPT One-Step RT-PCT with PLATINUM Taq. In 
brief, first strand synthesis was carried out at SO^C for 30 minutes in a reacdon system 
of 25 |il in total volume in accordance with the protocol attadied to SUPERSCRIPT 
One-Step RT-PCT with PLATINUM Taq. After heating to 94**C for 2 minutes, the 
WNT-5A or GPDH cDNA fra^ent was amplified in 40 or 30 cycles with each cycle 
consisting of 30 seconds at 94*^0, 30 seconds at 55^C and 30 seconds at 72X. 

Each reaction solution was electrophoresed in a 1.5% agarose gel and 
stained with Cyber Green (Takara). Fig. 4 shows the results. 

In the 40-cycle PCR using the WNT-5A-specific primers, the amplified 
WNT-5 A cDNA fi^gment was remarkably decreased in the culture with the addition of 
Compound 7 or Compound 3, compared with the culture to which no compound was 
added. 

In the 30-cycle PCR using the GAPDH-specific primers, on the other hand, 
no change was observed in the amount of amplified cDNA fi^agment regardless of the 
presence or absence of the compounds. 



-80- 



Test Example 7 

Increase in proliferating cell nuclear antigen (PCNA)-positive cells in monkey skin 
organ culture: 

The dorsal skin of a Cynomolgus monkey {Macaca fascicularis) (male, 6 
years old) was collected and divided into pieces (5 mm x & mm) under a stereoscopic 
microscope. Then each skin tissue piece was cultured in William's Medium E 
(Invitrogen) to which no compound was added or Compound 7 or Compound 3 was 
added and which contained 10 p.g/nil of insulin (Sigma) and 10 ng/ml of hydrocortisone 
(Kurabo). 

On the 30th day of the culturing, the skin tissue pieces were each fixed by 
using 10% neutralized fonnalin at room temperature. A section embedded in parafiin 
was prepared. After adding 1% BSA*^ntaiiung PBS» it allowed to stand at room 
temperature for 30 minutes and then boiled in a 0. 1 M citrate buffer solution. Then it 
was reacted with anti-PCNA antibody (Dako Japan, diluted 200-fold) at 4*C overnight 
and then reacted with biotinylated antimouse IgG antibody. Further, it was reacted 
with ABC standard kit (vector) and subjected to color development using AEC 
substance (Sigma). 

As a result, a positive reaction was observed in cells in hair follicles and the 
epidermal basal layer. In follicles, remaricable increases in the PCNA-positive cell 
count are observed in dermal papillae and deanal sheath both in the telogen and anagen 
hair follicles (Fig. S). 

Test Example 8 

Enlargement in hair bulb diameter in monkey skin organ culture: 

The dorsal skin of a Cynomolgus monkey (Macaca fascicularis) (male, 6 
years old) was collected and divided into pieces (5 mm x 8 mm) under a stereoscopic 
microscope. Then each skin tissue piece was cultured in William's Medium E 
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(Invitrogen) to which no compound was added or Compound 7 or Compound 3 was 
added and wMcb contained 10 (ig/ml of msulin (Sigma) and 10 ng/ml of hydrocortisone 
(Kurabo). 

On the 30th day of the culturing, all follicles contained in each skin tissue 
piece were separated and the diameter of bulbs was measured under a stereoscopic 
microscope. 

Figs. 6 and 7 show the results. In these figures, each num^ical value 
means mean ± S.E. of bulb diameters of all follicles contained in each skm tissue piece. 
To compare the control group with the test groups. Student's t-test was employed: 

*: P<0.05. 

These figures also present histograms showing the bulb diameter 
distribution. All follicles contained in each skin tissue piece are divided into bulb 
diameter groups as indicated in the figures and follicle count in each group is expressed 
in the relative value (%) to the total follicle count separated from the tissue piece. 
Fig. 6 shows the effect achieved after culturing in the presence of Compound 7. After 
culturing in the presence of Compound 7 for 30 days, the average bulb diameter of the 
follicles contained in the skin piece was significantly higher than that of the control 
group to which no compound was added. As shown by the distribution, the control 
group to which no compound was added showed the largest follicle count in the group 
of diameter of 140 )xm or longer but shorter than 170 fxm, whereas the group to which 
Compound 7 was added showed the largest follicle count in the group of diameter of 
170 pm or longer but shorter than 200 jm. The ratio of follicles of 170 pm or longer 
in bulb diameter in the group to which no compound was added was 57.6%, whereas the 
ratio in the group to which Compound 7 was elevated to 82.4%. 

On the other hand, Fig. 7 shows the effect adiieved after culturing in the 
presence of Compound 3. Similar to the case of Compound 7, after culturing in the 
presence of Compound 3 for 30 days, the average bulb diameter of the follicles 
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contained in the skin piece was significantly higher than that of the control group to 
which no compound was added. As shown by the distribution, the control group to 
which no compound was added showed the largest fbllide count in the group of 
diameter of 140 |jun or longer but shorter than 170 im, whereas the group to which 
Compound 3 was added showed the largest follicle count in the group of diameter of 
200 or longer but shorter than 230 |im. The ratio of follicles of 170 \m or longer 
in bulb diameter in the group to which no compound was added was 55.8%, whereas the 
ratio in the group to which Compound 7 was elevated to 74.5%. 

Test Example 9 

Hair growth tec0a stumptailed macaque: 

To the forehead of a stumptailed macaque (Macaco arctoidei) (male, 14 
years old) suffering &om alopecia, I mL of a lotion containing 0.3% Compound 7 was 
applied once a day S times per week for 6 months. Before the initiation of the 
application, the alopecia site in the forehead was marked by tattoo. The skin part 
including the tattoo was photographed before the initiation of the application and after 
applying for 6 months. 

Fig. 8 provides enlarged photos of the skin before and after application of 
the lotion containing Compound 7 for 6 months. Before the application, many thin 
vellus hairs were observed. In the same site after applying for 6 months, in contrast, 
vellus hairs decreased and thick terminal hairs increased. That is, it is recognized that 
the alopecia in the forehead of the stumptailed macaque was clearly ameliorated by 
applying the lotion containing Compound 7 for 6 months. 

The results of the above Test Examples indicate that WNT-5 A is expressed 
in human dermal papilla cells, the amount of WNT-SA mRNA in human dermal papilla 
cells is decreased by the compound according to the present invention, and a compound 
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having an activity of decreasing WNT-5A raRNA amount has an activity of promoting 
the growth of dennal papilla cells. 

It i$ also indicated that the compound according to the present invention 
causes a decrease in the WNT-5A mRNA amount in monkey skin organ culture too, the 
compound causes a remarkable increase in the PGSTA-staining positive proliferative 
cells both in the telogen and anagen hair follicles, and the compound enlarges the bulb 
size of follicles. 

It is furthermore indicated that the compoimd according to the present 
invention has an effect of ameliorating alopecia of a stumptailed macaque which is a 
model animal of male pattern alopecia. 

That is to say, a compound promoting the growth of dermal papilla cells 
would enhance the cell growing ability, which has been lowered in the dermal papillae 
in follicles in a part with alopecia, and thus contributes to the formation of well- 
developed dermal papilla tissues, thereby promoting h^ growth. 

INDUSTRIAL AP PLICABILITY 

A WNT-5 A function inhibitor, for example, a compound having an activity 
of decreasing WNT-5A mRNA amount or a pharmaceutically acceptable salt thereof 
has an activity of promoting the growth of dermal papilla cells and, therefore, is useful 
as a hair growth stimulant/hair growth tonic with a novel function mechanism. 

The present invention provides a completely novel idea of using a 
compound inhibiting the fUnction of WNT-5 A as an agent ameliorating or preventing 
alopecia, which has never been known hitherto, and screening of such a compound 
inhibiting the function of WNT-5A is usefijl in developing a novel hair growth 
stimulant/hair growth tonic. 
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